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INTRODUCTION

It is the function of air defense to frustrate all enemy aerial
attacks. The origin and development of alr defense 1is assoclated with
the growth and development of air forces and other means of aerial
combat. As early as the first World War the combat operations of the
naval air forces led to the establiishment of special naval anti-
alrcraft forces and facilities, and it also became necessary to imple-
ment measures to combat enemy alir forces. Pursuit aircraft and anti-
aircraft artillery made up the most important means of counteracting
the enemy air force.

Initially, air-force operations against ships at sea and 1in port
were one-time affalrs and exerted little influence on the outcome of
naval battles. Alr defense was gilven the task of thwarting enemy air
strikes. It was only with the extensive resort to air forces in the
second World War and during the "Great Fatherland War" that a radical
change took place in the nature of naval combat operations. Ships had
to maintain continuous guard against surprise aerlal attacks.

While during the first World War approximately 2.5 percent of the
total number of ships sent to the bottom could be attributed to alr
forces, the corresponding figure for the second World War increased to
42 percent. Moreover, this percentage includes only such major naval
units as battleshlps, aircraft carrilers, cruisers, and destroyers. At
the present time the air forces take on ever-increasing significance,
The use of rockets, nuclear weapons, and Jet alrcraft, capable of op-
erations at great altlitudes, imposed greater requirements on naval alr
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combat operatidns~at’§ea;

In the perilod betweén the first and thé second VWorld VWars the
power developed by engihes increased by a factor of 3.%, and flight 
speeds lIncreased by a factor of almost 2.5. During this psriod bombers
inereased thelr range by a factor of 5, bomb loads .and cellings douvbled,
and the total number of alrcraf't more than doubled.

Prior to and during the second World War naval ailr forces grew
into a major branch of naval forces. The naval ailr forces téday repre-
sent a significant striking force and exhibit great'maneuverabili:y;
by no means can they be consldered only capable of operating In con-
junction with other branches of the navy, but rather are capable of
executing independent effective strikes against surface vessels, trans-
pert, submarines, and coastal targets.

An increasling number of alrcraft types assumed permanent positions
1.1 naval weaponry; these types Included bombers, pursuit aircrafs,
fighter-bombers, reconnaissance aircraft, torpedo planes, and special
aircrafe.

Torpedo planes have the function of destroying enemy ships and
transport vessels with bombs or torpedoes. The speclal alircraft, among
others, have the function of carrying out submarine patrols. It 1is
thelr function, independently or in conjunction with other forces, to
seek out enemy submarines, to engage these, and to destroy thege sub-
marines with anti-.submarine weapons.

Alr-force tactics against naval targets were developed prior to
the second World War, and these were subsequently employed during the
period of the war. The resulting tactic of bomb and torpedo strikes,
as well as placement of mines, i3 still of'significance today.

Alrplane~ are capable of carrying out aerial strlkes in horlzontal

flight or by diving (Fig. 1). In horizontal flight “ombs are released
-3 -
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Flg. 1. Various aerial tactlics
against shi ) Flight heading

(bomber) ; 2? flight heading (Stuka);
33 dive angle; &) deck-mast release,

5) fighter-bomber.

against single moving shlps as well as against groups of vessels. As a
result, airplanes can operate from varlous altitudes and dlrections,
elither individually or in groups, at times of thelr own chooslng and
under any weather condltions. The targets may be detected by visual-
optical means, or electronically. Alr strikes under difficult condl-
tions thus became possible because of the development of specilal radlo
bombsights. On the negatlve side of bombing from horizontal fllght we
have the relatively long time required for sighting and the low accu-
racy, particularly in the case of bombing from high altitudes. Depend-
ing on the flight altltude, 1f possible an alrcraft attacks a shilp
cross beam or from behind.

Dive bombing, considerably more accurate than the release of

bombs from horizontal flight, 1s employed primarily against sirall tar-
gets. As a rule, aircraft in this case attack from medium and low al-
titudes at a dive angle of 40° to 80°. The pulling out of the dive de-
pends on the altitude from which the dive 1s started. This method of
releasing bombs galned widespread acceptance during the course «f the
second World War.

A speclal form of horizontal bomb release 1g the low-lievel flight
release to damage the sides of & ship, or below the water line, by con-
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cussion or dircct nilt. This type of release -ay also he known as the
deck-mast release. This latter deslignation refers to the light tactics
involved, since the aircraft is flying toward the target at mast level
and releases its bombs at maximum speed in horlzontal flight (Fig. 1).
This approach 1s simple 1n application, ensures high accuracy, and may
be practiced by a great variety of alrcraft. It 1s for this reason

that this method was frequently employzd durilng the course ol the sec-
ond World War.

Fighter-bombers were usually sent in ahead of the main forces

(bombers and torpedo planes) in order to reduce the Tirepower of the
[enemy] ships with their on-board weapons and bombs (Fig. 1). Moreover.
fighter-bomber alrcralt were frequently employed independently for pur-
poses of destroying small ships and landing craft. These aircraft st-
tacked these targets at high speed and from low altltudes {not above

7C0C meters). As a rule, these attacks surprised the ships.

Torgecounuet aus grofer Hihe
Ceoxhts-ars 1
- Spitliy N ———
\

Trpedowyrr aus geringer boke

\‘:‘/_i
L N Wi
Fig. 2. Torpedo release. 1) Torpedo
release from great height; 2) tor-

pedo release from low height; 3) at-
taclt flight headinz.

L el -

Torpedo planes (Fig. :') are used primarily against larger ships

and transport vessels. Depending on the situation and the design of

the torpedo, the torpedoes may be released from both low and high alti-
tudes. In the case of low-level flight a torpedo 1s released somewhere
between 50 and 300 meters. ln the case of higher aitltudes, the torpedo
1s not released below 2000 meters. Torpedoes are equipped with special
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stablillzer fins to reduce speed upon entry into the water. There 1s
some advantage to be gained by having torpedo planes attack simultane-
ously from high and low altitudes. In thls case, the high-altitude
torpedo planes draw the fire of the enemy ships so as to set up the
successful attack of the low-flylng torpedo planes which are approach-
ing the target 1n low-level flight. Moreover, torpedo planes can be
employed to iay mines In order to blockade enemy ships in thelr hases
and to disrupt naval communications.

Submarine patrol planes are part of the submarine-defense forces.

They are more maneuverable and can find and destroy enemy submarines
quickly, 1n a relatlively large area of open sea. Surfaced submarines
are spotted electronically or visually and then destroyed with anti-
submarine weapons (bombs, torpedoes, rockets).

Hydroacoustic buoys and instruments are used to disclose the pres
ence of enemy submarines at great depths benesth the surface of the
sea. The hydroacoustic buoys [sonobuoys] are equipped with sound pick-
ups and a transmitter. These devices are dropped from alrcraft at such
points at which the presence of submarines 1s suspected.

Submarine-produced sounds are picked up by the buoy receivers and
corresponding signals are sent by means of the transmitter to the air-
craft. Upon recelpt of such signals the alrcraft drops additlonal buoy:
In order to determine the exact position of the submarine.

The riost effect . tactical deployment of aircraft againsﬁ ships,
in the opinion of specilalists from the capitalist world, 1s a massive
strike from various directions by aircraft of varilous types. Masslve
strikes may be carried cvut in groups of two, three, and more aircraft.
The aircraft apprcach the target along a straight heading and then exe-
cute evasive maneuvers. The attack begins at the instant that'the at-
tack flight-heading 1s assumed and 1is ended with the release of the
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bombs, torpedoes, etc. At this point the alrcraft withdraw. As a rule,
this withdrawal takes place at maximum speed. The attack flight-heading
1s necessary to provide the appropriate initlal data for the bomb or
torpedo attack. Because of technical advances in alrcraft equipment 1t
is today no longer absolutely necessary for veloclty and heading to bhe
maintained rigorously along the attack heading.

The development of reaction-thrust powerplants led to a signifi-
cant rise in velocity, altitude, range, and alrcraft paylecad.

During the course of the second World War fighter aircraft were
capable of speeds of 650 km/hr; today speeds of 2000 km/hr can be at-
tained. The ceiling has been raised from 12,000 to 20,000 meters and
range has been increased from 1000 km to 4000 km. | )

The range of a medium bomber has been Increased from 2500 km %c¢ ir
excess (f 8000 km and flight speeds have increasaZ t+om 500 to 1500
kn/hr. The bombload has been raised from 4000 kg to more than 80GCO ki,
and the ceiling has been raised to a peak of 18,000 meters.

The greater speed, greater altitude, and Improved range, as well
as the new mass-destructlion capabillities of aircraft, require the co..
tinuous improvement in methods lnvolving the utllizatlon of alr forces.

The utilization of guilded misslles at great altlitudes and over
greater distances 1s constantly on the rise. Because of the changeover
to puilded missliles, the number of bombers particilpatlng Iln an attack
zan be reduced and the use of nuclear weapons increases the effect.

The nuclear tests cornducted at the Bikinl Atoll by the USA demon-
sirated that ships of all classes suffer serious damagc or are sunk at
a distance of %00 to 1000 meters from the eplcenter of an exploslon in
the alr. The nuclear weapon exploded at that time had a TNT equivalent
of 20 kilotons.

izt us present a number of briefl conments vegardlng the use of
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Filg. 3. Possible rocket applications

against naval targets. 1) "Surface-

to-surface"; 2) "air-‘n-surface™; 3)

"submarine-to-surface"; 4) '"coast-

iine-to-surface."
rockets agailnst naval targets. At the present time rockets have at-
tained such a high degree of development that under present conditions
they represent an extremely dangerous force against ships. From the
tactical standpoint rockets against naval targets are divided into the
following classes: "surface-to-surface," "air-to-surface," "coastline-

' and "submarine-to-surface" (Fig. 3).

to-surface,’
All of these rockets are intended for the destruction of naval
targets and are launched from surface vessels, alrcraft, submarines,
or ground positions. Military specialists from the capitalist coun-
trles arc of the opinion that the combat utilization of rockets at the
present time has not yet been worked out with sufficilent thoroughness.
Nevertheless, 1t may safely be stated that rocket-equipped surface
vegssels will be able to carry out the gsame missions as the heavy ar-
tillery and aircraft carriers. The miiitary forces of the USA have not
only equipped aircraft with rockets, but have also provided helicopters
with special rockets for anti-.submarine warfare.
The range of modern rockets 1s very great. It may amount to sev-
eral hundred killometers, and even several thousénd kilometers. Thus
the range of artillery and torpedoes 1s greatly exceeded. Moreover,

rockets exhibit a relatively high accuracy. As demonstrated statistic-
-8 -



ally, the probabllity of a hit against heavy surface vessels during
the first World War for heavy-caliber artillery amocunted to some 3 per-
cent, approximately 11 percent for torpedoes, and 1 percent for aerial
bombs. In the second World War the probabllity of an artillery hit
came to 4 percent, 15 percent for torpedoes, and 7 percent for aerilal
bombs. The probabllity of a rocket hit 1s significantly higher than
the above-mentloned weapons. According to forelgn experimental data,
the hit probability for rockets i1s at least 46 percent. This high ac-
curacy 1s achleved through the control and guldance equipment installed
in rockets. The aerlal combat operations against shilps considered to
this point show that 1t 1s the primary functlon of naval alr defense
to destroy approaching rockets and enemy aircraft that have penetrated
the air defense system, and to prevent these from assuming thelr opera-
tional flight headings and réleasing of thelr destructive force.
Desplte the snortcomings characterlstic of conventional artillery,
all classes of shlps presently stlll employ thils form of weapon, par-
ticularly in the case of small vehicles on which 1t 1s impossible to
mount antl-ailrcraft rockets, because these are heavy and take up con-
silderable space. Aboard small ships automatic weapons remaln the pri-
mary means of self-defense agalnst aerial attacks.
MODERN ANTI-AIRCRAFT FACILITIES ABOARD WARSHIPS
Anti-Aircraft Artillery

Modern warships are filtted out with a so-called weapons-system
for operations against aerial targets. The weapons system includes the
actual weapons, the corresponding ammunition, and the fire-control
equipment. A weapons system of thils type can provide for the direction
of fire against air, naval, and coastal targets. The primary function
of this system is the timely detectlon of enemy alrcraft and unmanned
alr weapons, the determination of thelr heading and approach elements,

-9 -
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and finally to repulse the attack through [ire of the weapons.

Antl-alrcraft artillery 1s subdivided into

® light anti-aircraft artillery

@® medium anti-alrcraft artillery and

@ anti-ailrcraft rockets.

The light anti-aircraft artillery generally includes the caliber
range from 20 to 76 mm. The medium anti-aircraft artillery encompasses
calibers from 85 to 100 mm. The antl-aircraft rockets are not classi-
fied accordiig to caliber.

Depending on range, the light anti-aircraft artillery 1is used for
operations against aerlal targets at low and medium altitudes (below
6 km); the medium anti-aircraft artillery, on the other hand, can be
employed to direct fire against aerial targets at medium and great al-
titudes (up to 15 km). Anti-aircraft missiles may be employed against
aerlal targets at medium and high altitudes as well as against cargets
flying above 15 km. Light anti.aircraft artillery can be found aboard
all warships, whereas the medium anti-aircraft artlllery 1is primarily
encountered aboard large warships. Antl-aircraft rockets are to be
found primarily aboard vessels at least the size [ frigates.

Weapons with a caliber of less than 20 mm are as a rule regarded
as machine guns. These are best employed aboard small boats.

Modern artillery weapons are generally linked wlth fire-direction
equipment capable of ensuring effective fire. The following instrument
groups are included among the fire-control equipment:

mTarget Detectlion and Aiming Equipment

This equipment 1is used for target detection and the approximate
determZnation of target coordinates (range, bearing, elevation). This
equipment grouping includes radar stations and optical instruments
(rangefinders, target indicators).

- 10 -



Equipment for Observation and Determination of Current Coordinates

At any glven instant of times;coordinates provide the position of
a target with reference to a given combat station. This group of instru-
ments is housed in the so-called stabilized fire-control points (FLS
[Feuerleitstand]). With this equipment targets are continuously kept
under observation, target coordinates are continuously determined, and
all information is supplied to the computers. The latter are housed in
the computer center of the ship and are assigned the task of providing
fire-control settings.

Fire-Conirol Computers

The function of this equipment group is to determine weapon set-
tings and to calculate fuse settings. The basic units of thils group are
the computer (Reg [Rechengerdt]) and the coordinate converter (KU
[Koordinatenumwandler ]) which receives the bearings from the computer
without consideration of the roll and pitch angles and whose function
it is to determine the total angles for purposes of vertical and hori-
zontal aiming (also known as elevation and directional settings). In
other words, the coordinate converter destabilizes the computer-
determined values for nonstabilized weapons, thus taking into account
the phenomena brought about by the motion of the sea.

Fire-Control Equipment

This equipment is connected directly to the weapons. It includes
the sensing elements for total vertical and horizontal sighting angles
and in the case of stabilized weapons the pickup for the settings of
the trunnion axis. In addition, this group includes the pickup for the
fuse-setting time.

Signaling Instruments and Firing-Complex Equipment
This equipment is employed to monitor the weapons, to determine

whether they are ready to fire, and capable of firing salvos.
-1l -



ANTI-ATIRCRAFT WEAPONS

General-purpose weapons exhibit a number of features relative to
shipboard weapons which can be employed only against naval and coastal
targeis,

The use¢ of heavy weapons against aerial targets requires signifi-
cant firing arcs and barrel elevation. The vertical and horizontal aim-
ing speeds with such general-purpose weapons must be high (10 to 30
degrees per second), and this also applies to the fact that the rate-
of-fire must be fast. Medium-caliber weapons attain a rate-of-fire of
15 to 20 rounds per minute. Light-caliber weapons are today in a posi-
tion to get off several hundred rounds per minute.

The deslgn of the antl-alrcraft weapons must satisfy these condi
tlons and be capable of meeting the imposed requirements; for this
reason, the specific features of installatlon and utilization under
shipboard conditions must be taken into consideration.

On the basls of general deslign features, anti-aircraft weapons
Intended for use aboard ships are divided into turret, deck-turret and
deck weapons.

These weapons may be mounted aboard ships in stabilized or non-
stabilized formn.

In the case of turret weapons (Fig. 4) all instruments, attendant
personnel, and ammunition conveyor systems are protected against shells
and shrapnel by means of armor. The armoring is generally up to 15 mm
thick. The rotating portion of the turret mount consists of the plat-
form carrying the weapon, the aiming mechanisms, the loading equipment,
a portion of the fire-control equipment, and the gun crew; in addition,
there is a lower platform on which are mounted all auxiliary units, the
"ready" ammunition, and the pickup point at which the conveyor system
from the mazazine terminates.

- 12 -



Fig. 4. Triple rurr.t weapons (the
two forward pun mounis) and the
double deck “urrci weapons (at the
back and to ihc starboard) aboard
the cruiser Canberra of the US llavy.

Fig. 5. Triple turret weapons (forward and astern, 2 cach)
and deck turret weapons (3 double gun mounts on the port
slde visible) aboard the Soviet crulser Shdanow |Zhdanov].

In the way of explanation it should be stated that "ready" ammun:-
tlon refers to a small quantlty of ammunition that 1s intended for <i.:
immedlate opening of filre in the event that an unanticlipated target
appears and 1t 1s Impossible to awalt the supply of additlonal ammun!-
Liorr from the magazine.

One feature of turret-mounted weapons is the fact that the plat-
form, the ammunition conveyor system, and the magazine combine to l'orm
a plingle system. In the majority of cases turret-mounted wecapons arc
housed in twin turrets, these being found primarily as part of the ar-
mament of surface vessels (ailreraft carrilers, crulsers, and destrovcrs).

In the case of deck turret weapons {Fig. 5) the platform and the
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ammuriitlon conveyor systems are agaln protected by means of armor plat-
Ing designed to withstand direct hits, but they are not as completely
enclosed as in the case of turret-mounted weapons. The marazine and

the turret do not form a closed system, and the magazine is separated
from the turret. The deck-turret weapon again consists of an upper an-
lower platform. The upper platform is part of the rotating portion of
the weapon, while the lower platform, on the other hand, is fixed per-
manently to the deck. The lower platform carries the "ready" ammunitior
the conveyor systems from the magazine terminate here, and it also car-
ries the supply line for the movement of the "ready" ammunition to the
upper platform, which 1s connected to the rotating platform. As a rule,
deck turret installatic.:s ere stabilized. The rear portion of a deck-
turret weapon 1is open. During the course of firing, the shell casings
clide out of the turret through this unprotected portion. The lower
portion of the deck-turret weapon 1s also open. Thus good ventilation
for the turret is ensured and the bothersome effect of smoke is elim-
inated. As a rule, deck-turret weapons are used aboard alrcraft car-
riers, crulsers, and destroyers. In most cases this form of weapon is
encountered 1ln twin turrets.

The deck turret weapons need not always be connected to a lower
platform. In such cases, the ammunition i1s fed into the turret dirvctly
from the deck. These weapons are included 1n the category of deck
veapons.

In the case of deck weapons (Fig. 6) the magazine and ammunition
conveyor syctem are completely separate from the weapon. The ammunition
conveyor system from the magazine terminates in the vicinity of the
vicapon, above deck. The gun crew, a portion of the flre-control equip-
ment, and the aiming mechanisms are protected by armor set up in the
form of shields and screens around the weapons.

- 14 -



Fig. ©. Deck weapon aboard an MLR
ship of the Teople's Navy of the DDk
[German Democratlic Republic].

As a rule, medium-caliber dcck weapons are of the single and
double gun-mount varlety. Light-caliber deck weapons are mounted in
groups of four, All swface vesgels are equlpped with deck weapon.
These weapons are simple 1n desirmn, are ecslly serviced, and are not
very heavy. Deck weapons can also be stablilzed.

All of the aforementlioned weapon typzs can be divided into auto-
matic and semi-automatic weaponsg. In the cage of automatlec weapons,
the insertion of the sghell, liring, and e¢/cction of the ecasing proceed
automatl:ally. In the case ol gom'i-avtomatllc weapons, only the breech
mechanism is openeq automatically, the casing thus beling ejected. All
medium-caliber weapons are includzd in this category of weapon.

- 1y -



The automatic action of the weapons 1s achleved through explolta-
tion of the re oll energy that 1is attalned as a result of the combus-
tion of the c .arge, ahd from the e:ergy of the reccil system. Automatilc
weapons are generally equilipped wilth wedge-type breechblocks and are
operated with fixed ammunition. This amnunition 1ls fed in with racks,
in drums, or in belts.

Medium-caliber anti-aircraft weapons are equlpped exclusively
wlth wedge-type breechblocks and flre either fixed ammunition or sepa-
rated cartridge ammunition. In the case of fixed ammunition the charge
is contained in the shell casling and the shell 1s directly connected
to the casing. In the case of separated cartridge ammunition the shell
and the casing are separated. In this case, the shell is first inserted
into the barrel, and then followed by the cartridge casing containing
the charge. ) ' |

In order to take advantage of the recoll energy after the dis-
charging of the weapon, weapons of all callbers are provided with so-
czlled counterrecoill equipment. This may appear in the form of hy-
draullic recoil brakes of either the hydraulic-pneumatic or recoil-
spring variety, which serve the function of returning the recolling
parts to thelr 1initial positions.

To facilitate the aiming of the weapon durlng motlon through
water, deck-turret and some deck weapons have been stabllized. In the
case of these stabillized weapons, the aiming procedure matches the
aiming requirements of the ground-based weapons of ground forces. The
stabilization of these weapcns 1s achlieved through the continuous main-
tenance of the trunnions of the weapons 1n horizontal position, while
the ground plate of the weapon follows the motion of the ship. Stabil-
ization facilitates aiming condlitions and eliminates the effect of the
rolling and pitching of the ship. Stabilized artillery weapons can be
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almed in three planes, i.e., in the horizontal and vertical planes, as
well as in the trunnion plane. In the case of nonstabllized artillery
installations, the aiming procedure can be carried out only in two
planes, i.e., in the horizontal znd the vertical planes.

Modern anti-aircraft weapons can be almed in three distinct ways:

@ automatically,

® semi-automaticalily and

@® manua.ly.

Automatic aiming 1s carried out by means of a remote-controlled
servomotor. Thus extreme accuracy and such high alming speeds are at-
talned as are impossible with manual operation.

Irn. the case of semli-automatic aiming, the gun layers first read
the transmitted data from the corresponding receivers and then complete
the sishting with the power drilves provided for thls purpose.

In menual operation, the ammunition 1s biought to the platform
mount by means of speclal conveyor systems which are driven either
electrically, hydraulically, or manually. It becomes evident that a
modern anti-ailrcraft weapon has complicated technical equipment at its
disposal and can be servic.d only by speclally traired personnel.

On the following pages a orief explanation of the technical con-
struction of medium-caliber anti-aircraft weapons will be undertaken,
and then a number of technical features of light-callber anti-aircraft
weapons will be detailled.

Medium-caliber antli-aircraft weapons consist primarily of a
cradle, a gun mount, and & base plate. The oradle with its trunnions
is seated in the bearings provided for this purpose in the gun
mount. Since the trunnion axis of a loaded weapon passes through the
center of gravity of the cradle, vertical aim?ng is possible without
great difficulty.

- 17 -
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Fig. 7. The cradle of a weapon. 1)
Ammunition feed; 2) trunnion; 3)
cradle frame; 4) loading tray; 5)
toothed segment of elevaticn mechan-
ism; 6) recoil cylinder.

The cradle can carry one or two barrels. The breech plate which
carries the breech and seml-automatic mechanisms 1s generally screwed
onto the barrel Jacket. Moreover, the piston rods of the counterreco!’
devices are contained in the breech plate.

The counterrecoil devices are housed in the cradle. In addition,
the loading tray 1s attached to the cradle.

In the case of nonstablilized weapons, the gun mount and the bar-"
rel carrlage are part of the swivel mount. In the case of stabllizcd
weapons, the movatle base of the weapon and the carriage are part of
the gwivel section. The gun mount rests on the bearings of the pivot
ring. The roller bearing of the vertical pivot journal restricts the
horizontal movement of the pivot ring. On the one hand, the sun mount
provides the weapon with the ability to fire in all direc’!c¢ns, and on
the other hand, it provides the connection between the cradle and the
elevation mechanism. The mounting supports of the gun mount ensure the
connection of the weapon to the pivot ring during firing while at sea
and moreover they protect the weapon against tipping over.

Power is supplied to the instruments through the appropriate
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Fig. 8. Gun mount of a weapon. 1)
Bearing box; 2) trunnion bearing; 3)
cradle support; 4) gun-layer seat;
5) platform.
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Upper ball-bear ing race; 2) support;
3) roller bearing; 4) gear rim; 5)
lower ball-bearing race.

leads. The motor and the equipment on the swivel portion are fed by
means of a sliding contact.

The platform for the weapon personnel is attached to the gun
mount (Fig. 8), and the aiming mechanisms, the sights, and the protec-
tive shields are also fastened to the mount. Moreover, the gun mount
carries the cradle frame with the trunnion bearings. In the case of
stabllized weapons, the stabilization sile 1s housed in the upper por-
tion of the fixed weapon base in order to permit the stabilization por-
tion of the weapon to move. The platform for the personnel and the pro-
tectire shield or armor that is attached to the gun mount is inown as
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the platform deck. The pivot ring (Fig.A9) serves as a step bearing
for the gun mount and is rigidly connected to the body of the ship.
The ball bearings of the pivot ring, together with the lower ball-
bearing race, carry the weight of the weapon and the increasing ver-
tical forces of th: swlveling parts of the weapon. The roller vearing
of tre plvot journal, on the other hand, absorbs the horizontal forces.
The.pivot ring 1s proviac ~-th a gear ring which meshes with the spur
gear of the horizortal aimlng mechanism, thus ensuring the horizontal
1iming of the weapon. |

We will subsequently become famlliar with the major parts of the
:radle and the gun mount. At the moment, we will deal with the barrel
of the weapon (Fig. 1C). The cdesired dirsction of motion 1s imparted
0 the shell 1n ihe barrel and it 1s here that- the shell also attains
he required initial veloclity and rotational motion. The bore 1is sub-
livided into the shell chamter, the forcing cone, and the rifled por-
~lon. The breech plate is écrewed onto the rear part of the barrel.
'he forward end of the bairrel is known as the muzzle. The berrel it-
jelf tapers from the breech plate to the muzzle. A pressure in excess
of 3500 kg/'em2 and hi;h temperatures up to 3ooo°c may develop as the
sun 1s fired, as a result of the combustion of the charge. The forces
of the gases produced by the detonation of the charge act agains* the
nase of the shell and press the rotating bands of the si...1l into the
:rooves [rifling)] of the rarrel (raised bands between which the lands
are found) thus imparting continuous rotational motion to the shell.
The rotational motion is a result of the fact that the grooves [rif-
ling) corresponding to a helical 1liue w.th a nitch of 25 to 30 calibers
‘the distance between grooves) are cut in*o the walls of the barrel
bore. With a barrel length of 55 to 70 caliber, the shell executes a
é- to 2.5-fo0ld rotational mntion. Since the shell moves only for sev-
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eral thousandihs of a second through the barrel, 1t ¢xhlblts scveral
thousand revolutlions per minute as it exits from the barrel. This hirh
number of revolutlions imparts the requlred stablility during £1isht to
the shell and promotes a slgniflcant rise in firing accuracy. As it
leaves *the barrel the shell exhibits a veloeclty in excess of 100C
meters per second, and thls veloclty 1s known as the muzzle veloclty.

denoted by VO‘

A‘anrmanfell o se'tshragerses

Seslerrobr
1 -.. ~<_'-~"_'~-‘~- e e e !

n Y [ IR IR e . minilisnd

";. -t c IR 2 e
Fotrenen- : : gerogener led'
A ammT Uter;a*js&anu:
Batenstick ~

1 rold

/ &g .

Flg. 10. Gun barrel with gelf-supe-
porting liner. 1) Barrel jacket; 2)
self-sug orting liner; 3) breech-
plate; ? shell chamber; 5 ; rorcing
cone; 6) rifled section; 7) land; 8)
groove.

At the present time, in the majority ef csses, anti-ailrcraft

L\‘

weapons are fitted out with nﬂnnhloo gun barrels or barrels with a so-
called free liner, ALY )

Monobloc gun barrels are of single-plece construction and repre-
sent nothlng but & simple barrel with verying wall thickness. Barrels
with free liners (Fig. 10) consist in the barrel Jacket ard a thin-
walled (free) liner that 1z seated inside the barrel Jacket. The Jacket
encases more than half of the liner and provides the i1equired rigidity
for the latter.

Modern barrels are fabricated of alloyed steels whi . » exhibit out-
standling properties, thus providing the required streng i. and ensuring
great service 1life,

In order to take better advantage of the ballistic properties of
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Fig. 11. Breech and breech mechanism, 1) Breech arm; z) wedge-type
breechblock; 3) manual firing lever; 4) breech; &) barrel; #) manue
firing level; 7) striker; %) firing pin; 9) firing-pin spring; 1€)
firing rod; 11) sear nose; 12) connecting lever; 13) lever of breech.-
rmechanism crank; 1L) semi-automatic sliding-wedge breech mechar ism.
artillery weapons during firing and 1n order to raise the serviece 1'*
of a harrel, the gun barrels are cooled with seawater 1f they have nc -
come overheated as & result of firing. The cooling is accomplished wuitr
a cooling hose. One end of the hose 1s connected to the fire-extirn-
su!shing connection, the other end of the hose being led into the
rthell chamber. A cooling process lasting from 1.5 to 2 minutes is ade-

n.ate to cool the sides of the barrel and azain to undertake firing of

the weapon at the maximum rate of fire,

The rear portion of the gun barrel is threaded to permit the
screwing on of the breeohplate (Pigs. 10 and 11). This includes the
breech mechanism. Moreover, tlic breech also oontainq the shell-casing
ejectors, release mechanisms, and smoke discharge units,

ure of the shell chamber. Depending on the direction of their motion

in the breech, the wedge-type breechblocks are subdivided into hori-

zontal anu vertlcal categories. The frontal area of the wedge-type

breechblock runs perpendicular to the barrel axis, whereas the rear

area of the wedge-type breechblock does not run parallel to the frontal
- 22 -



alri, but rather at a sinall ancle to the latter. It 's for thls reason
that we speak of a wedpe. If the wedpe-type breechblock: In the hraech

's shifted In the direction of flre, then the rear area of the hbreeche
block presses apgalnst the basec of the breech and thus closes Lhe chell
chamber.

As the wedge-type breechblock is opened, the frontal arwa of <he
wgdge moves away from the barrel walls. On the one hand, such a hresch
mechanism ensures the desired shell feed and on the other hand 1liml-
nates almost completely the frictional forces between the base of the
shell casing and the frontal area of the wedge breechblock on openlinz.
Wedge-type breechblocks are advantageously serviced and make 1t pos-
sible to automate the shell feed.

On firing, the‘shell casing 1s pressed by the exhaust gas azans:
the walls of the [shell] chamber and the base of the casing !s pressed
against the wedge breeéhblock. The gases, thus, cannot pass between
the walls of the casing and the chamber in the directlon of the hLreech
mechanism.

The discharge gases exert equal pressure in all directions. The
radlal pressure 1is exerted against the chamber walls, the longltudine?
pressure is exerted on the one hand against the wedge breechblock, 3nd
on the other hand, against the base of the shell. The discharge gases
overcome the resistance of the shell in the barrel and finally drive
the latter through the boarrel., The forces acting against the wedge
breechblock as Q result produce the recoil of the barrel.

In the case of turret 2nd deck-turret weapons the opening of the
wedize brecchblock causes an air valve to open and air passes from the
brecch lnto the barrel in order to remove the gases produced by the
explosion of the charge. If the barrel 1s closed off by the wedge
breechblock, the supply of air 1is also interrupted.
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If the weapon has been loaded, the wedge breechblock has to be
moved by hand once. During firing, the wedge breechblock is moved auto-
matically by means of the semi-automatic mechanism, during the course
of the recoil.

The firing may be carried out mechanically or electrically.
Mechanical firing 1is achileved through the actuation of appropriate
foot-operated firing levers by the gun layers (Fig. 11). As the sear
clears the firing pin, the latter drives forward because of the ten-
sion of the firing-pin spring and strikes against the threaded primer
in the base of the shell, thus igniting the charge in the casing.

In addition to mechanical firing by means of a foot-operated fir-
ing lever, manual firing 1s also possible. The hand-operated firing
lever is mounted at the breech ring. As a rule, manual firing is em-
ployed for the repeat firing of a shell in the event of a misfire.

In order to brake the recoil of the barrel and in order to attenu-
ate the counterrecoil of the parts sliding back to their initial posi-
tions, provision is made for the s0-02lled counterrecoil mechanism.

The counterrecoil mechanism of medium-oRliber weapons in general con-
sists in a hydreulioc brake and fres one to two hydraulic recuperators.
The hydraulic braie absords the enevgy ¢f the backsliding parts on fir.
ing and in sddition it drakes the counterreceil. The recuperator [coun-
terrecoil mechanism] serves to return the backsliding parts after fir-
ing to their initial positions.

Medium-caliber weapons are generslly loaded dy hand. On initisl
loading of the weapon, the gun loader must open the breech and heft
the shell into the chamber. In the case of weapons in excess of 100 mm
caliber, the shell weighs more than 30 kg. The loading procedure in the
case of such weapons by hand is particularly difficult without some
auxiliary devices.
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To facilltate the operating conditions, these weapons are pro.
vided with mechanical shell-input devices.

The shell-loading device 1s fastened to the cradle and ensures
reception of the shell and the input of the latter at all barrel ele.
vations. In order to gulde the shell without difficulty, 1t is placed
in the loading tray. The gun loadér then operates the loading lever,
thus opening an air valve to permit the entry of compressed alr into
an operating cylinder. Depending on the elevatlion of the weapon, the
variable quantity of sir required for the shell feed streams into the
operating cylinder. The air acts against a piston and sets the follower
into motion by means of a cable drive; the follower fthen directs the
shell into the chamber.

If for some reason the supply of air 1s not avallable, the fol-
lower can also be operated manually, although in this case speed is
lost, and this leads to a lowering of the rate of fire.

Let us now make several comments regarding the aiming of weapons.

The aiming procedure involves the placement of the barrel in a
glven position in order to enable the shell to hit the target. Aiming
is carried out by meuns of elevation and traversing mechanisms on the
hasis of vertical and herisontal data provided by the fire-control iu-
strumentation. In the case of stabllized weapons, the truanion axles
are also aimed. If the aiming procedure is carried out in accordance
with data transmitted from the computer center, we speak of centrally
controlled aiming. If these data are derived through the sighting of
the individual weapons, we spesk of autonomous aiming.

The aiming procedurs may be carried out manually or by means of
an electrlc motor, semi-automatically or automatically. Automatic aime
ing is8 effected by means of a servomotor, without participation of the
gun layers. In the case of semi.automatic aiming, the gun layer actu-
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ates the drive according to data that are read off either from specisl
pickups or provided through the sights.

The fleld of fire for any weapon can be restricted in order to
prevent alming at an unattainable sector. The vertical aiming mechanis
i3 found on the left-hand side (Fig. 12). It consists of a hand drive
and an electrical drive. The motion of the crank handle is transmitted
to a spur gear which meshes with the toothed segment of the elevation
mechanism that is connected to the cradle. Vertical aiming is carried
out in accordance with data received from appropriate pickups or de-

rived through the weapon sight. The horizontal aiming mechanism is

1) Hand d&rive; 2) ocoupling; 3) spur
u!)uols 4) teothe usnng‘or 21.3--
tion mechanism; 5) power drive.

Fig. 12. vcmmz aiming mechanism.

found to the right of the weapen and it also consists of a hand drive
and an electrical drive. T™he swiveling of the weapon is achieved
through the motion of a gear wheel which meshes with the traversing
rack of the base plate, s0o that the weapon moves along a horizontal
line. The aiming procedure is carried out in accordance with data taken
from a pickup unit for horizontal aiming or by means of the data de-
rived through the sight of the weapon.

The trunnion axles are lined up only in the case of stabilized
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wenpons. A speclal slight may be employed to effect the gtabllizatlorn,
by having the gun layer line up the horizontal sighting line with the
horizon, or on the basis of the data provided by a sensing element
plekup to which data regarding the megnitude of roll are continuously
belng supplled.

Later on we will discuss the utilizatlon of light-caliber weapons.
These weapons are employed for operations against aerilal targets at
low altitudes (below 3500 meters). However, they can also be used
against small surface-vessel targets and against visible coastal tar-
gets at short range.

The assignments which must be carried out are also declislve for
the structural features of these weapons. The required density of fir-
demands that these weapons exhibit a high rate of fire — more than a
hundred rounds per minute for each gun — and thils calls for the automa-
tion of the over-all fire control. The great speeds of aerial targets
call for great aiming speeds which for vertical and horizontal aiming
must amount to 50 to 60° per second.

Light-caliber weapons are small in size and light in construction.
For this reason, & considerable number of such weapons can be used
aboard ships. These weapons are provided with sights which can be used
against visible aerisl, neval, and coastal targets.

Remote-controlled weapons oan be used at all times under all
weather conditions. To raise the density of fire, it has become the
practice to develop weapons carrying several guns.

Light-caliber weapons exhibit all of the important structural ele-
ments with which we are familiar from the medium-caliber weapons, and
we have reference here to the cradle, the gun mount, énd the base
plate. For this reason, we will consider only several of the structural
features of the cradle part and the sighting mechanism of the 37-mm
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automatic weapon.

The cradle portion of this automatic weapon carries the entire
gun. The barrel housing of the cradle portion guldes the barrel on
counterrecoil and recoil. The recoll brake 1s situated beneath the
barrel housing (Fig. 13). A heavy counterrecoil spring serves as the
recuperator, and this plece 1s seated on the barrel. The cradle part
is seated in the trunnion bearings of the gun mount. The elevation-
drive toothed segment, meshing with thz spur wheal of the elevation

mechanism, is fastened to the underportion of the cradle.

\\ 1 Mendrog furfinst a2 Horared tur Einst. oer
A\ /lgnegungsminkel

Fig. 13. Aiming mechanism of 37-mm weapon. 1) Hand wheel for setting
of dive angle; 2) hand wheel for setting of speed; 3) barrel bracket;
4) dive-angle scale; 5) range knodb; 6) range-finder drum; 6) hand

wheel for range finder; 7; recuperator; 8) sight parallelogram linkage
gystem; 9) collimator; 10) sighting line; 1il) cradle; 12) cocking
ever.

The automatic weapon generally is fitted out with a wedge-type
breechblock which can move vertically. The shell feed a:d follower
unit are part of the automatic loading mechanism. The design of the
breechblock and the a.tomatic loading mechanism ensure the automatic
opening of the breechblock after firing, the extraction of the casing
from the sh2ll chamber, the cocking of the firing pin, the feeding of
the following shell onto the loading tray, the insertion of the shell
into the chamber, the closing of the breechblock, and finally the fir-
ing. The automated aspects of this procedure relate to the exploitation
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of the reactlon forces produced by the gases evolved through the de-
tonation of the charge.

On initial loading, the breechblock must be opened manually with
a cocking lever which 1s mounted on the left-hand side of the cradle
(Fig. 13). The design of the 37-mm automatlic weapon permits single-
round and automatlc firing. The shells are automatlcally carried to
the loadlng tray and 1t 1s possible to continue firing without inter-
ruption, given a continuous supvly of ammunition, until the barrel
reaches the maximum permissible temperature; at this point, firing
must cease and the barrel must be given a chance to cool. Various gun
barrels have been fitted out with cooling Jackets through which sea
water from the flre-extinguishing system 1s made to flow, the barrel
thus belng continuously cooled. Light-calliber weapons are provided
with automatic or front ring sights which make possible operations
agalnst aerlal, water, and coas-al targets.

Figure 13 shows the automatic sighting unit of a 37-mm automatic
weapon. This weapon has been fitted out with a double-sided sight. Cn
the left-hand side of the weapon we find the computer element of the
sight and the collimator for the vertical sighting operation; on the
other hand, on the right-hand side of the weapon we find that part of
the sight that is employed for the setting of target range and target
speed, 43 well as the collimator for horizontal aiming.

The collimators are connected to one another by means of the sight
parallelogram linkage system and they are arranged so that the sighting
line of each collimator 1s parallel to the sigiht linear setting whose
position relative to the axis of the barrel is governed by the angle
of elevation and the lateral lead. If the sighting line of the colli-
mator 1s aligned with the target, the barrel points in the direction
of the required set-forward point. The gun layer sitting on the right-
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hand side of the weapon actuates the horizontal aiming drive until the
vertical filament of the crosshairs lines up with the target, and it

1s his responsibility to see that this position i1s maintained; the gun
layer sitting on the left-hand side of the weapon, on the other hand, )
actuates the vertical aiming drive until the horizontal filament of

the collimator lines up with the target.

The left-hand gun layer must set the sight parallel to the head-
ing of the target, whereas the gunner on the right-hand side of the
weapon 1s responsible for the setting of the range and target velocity.
The hand wheels intended for this purpose can be se¢en in Fig. 13. When
both gunners have lined the center of the crosshairs up with the tar-

get, fire 1s opened.
Front ring sights differ from automatic sights in their simple

design. A smaller staff 1is fequired to service this type of sight, al-
though the accuracy here is lower than in the case of sutomatic sights,
and in practical terms the time required to train the gun layers is
considerably longer. The sight consists of a number of concentric rings
that are connected to one anothsr by means of crosshairs. The sight s
positioned in frent of th¢ gun layer. The outer ring in general corres-
ponds to a target velocity orJSOO meters per second, the remaining
rings being intended for velocitiocs of 200, 100, and 50 meters per
second. Prom the center of the sight the rings are numbered from 1 to
4, so that the frurth ring 1is the one on the outside.

The sighting ring reguired for purposes of firing the weapon 1is
determined by multiplying the target velocity by the perspective fore-
shortening. In this case perspective foreshortening refers to the ratio
of the apparent aircraft dimensions to the actual dimensions (1/4, 2/4,
3/4, 4/4). The resulting quantity is then rounded off to the value of
the closest velocity ring.
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The gunner sights the target with the velocity ring, determined
by calculation, and then opens fire. The center of the front ring
sight 1s used to fire at divebombers engaged 1n a direct attack against
the ship. Remote-controlled weapons are set automatically on the basis
of data supplied by the fire-control equipment.

The machine zuns mounted 1n boats are also important since they
exhibit a high rate of filre and are capab.e of operations agalnst tar-
gets at heights up to 1500 meters. In order to increase density of fire
a number of such weapons are combined in a single unit. Moreover,
machine surs can also be employed successfully against water and coasta.
targets.

Machine guns are simple in constructlion and are easily serviced.
They are light [in weight] and do not take up too much space; there-
fore, this type of weapon is commonly employed aboard boats and civil.
lan vehicles in the event of war.

Machine guns can be equipped with front ring sights or with auto-
matic sightec that differ but slightly in design from the sights already
considered.

During the war mschine guns were successfully used for operations
agalnst aerial targets and quite a mumber o. aircraft were put out of
operation by these weapons.

AMMUNITION

Firing success depends in great measure on the quality of the am- -
munition. The most modern weay n loses in combat effectiveness when

the available ammunition is worihless. Basically, ships and boats are
stocked with a definite quantity of ammunition for each gun. The total
quantity of ammunitlion aboard a vessel is known as the on-board stores.
In view of the fact that naval weapons are cmployed for a variety
of purposes, the ammunition stores iust be suitable for operations
“3] -



Fig. 14. Fixed-
ammunition
shell. 1) Shell;
2) casing neck;
3) base deton-
ating fuse; 4)
charge; 5) cas-
ing; 65 threaded
primer,

against aerial, water, and roastal targets. For
this reason the ammunition s.ores are made "'p OF
varlious types of ammunition.

Thus fragmentation shells with time fuses
are used for operations agalnst aerial targets.
The time fuse 1s irn:.ended to produce a large quan-
tity of fragments upon the explosion cf the shell.
Against water and coastal targets, on the other
hand, high-explosive and combined high-expiosive
fragmentation shells with impact fuses are used.
Armor-piercing shells have stable shell casings
and are used against armored targets because
these shells can destroy obstacles easily or
pierce ther,

Light-caliber weapons fire fragmentation in-
cendiary shells with impact fuses and armor-
plercing shells with base detonating fuses, 1l.e.,
armor-piercing solid-vody shells. In order to fa-

cilitate observation of shell trajectories and to implement firing cnr-

rections, the shells are provided with a tracer composition that is ig-
nited by the propellant charge.
A shell consists of the following:

@ a fuse,

@ the round and
@ the casing.

Depending on the caliber, we distinguish shells (fixed ammunition)

and separate cartridge ammunition. In the case of the fixed shell, the

round is directly comnected to the casing carrying ...~ propellant
charge, and it forms a single piece (Fig. 14). In the case of separated
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Fig. 15. Antl-alr-
craft shells. 1)

Time fuse; 2) impact

fuse; 33 casing of
round; 4)

charge; 5) rotating
bands; 6) tracer

composition; 7) base;
&) long-range shell;

9) fragmentation
shell with tracer
composition.

demolition

cartridge ammunition, the cartrldge casing 1s
stored separately from the round.

Since we are consldering alr defense, we
will consider the fragmentation shells with
time fuses in greater detall, because these
are frequently also classifled as long-range
shells (Fig. 15). This particular type of
snell 1s designed to take aerlal targets out
of operatlion as a result of its fragmentation
effect and for this reason the shell must be
designed to produce as great a quantity of
effective fragments on detonatlon as possible.

A fragment capable of penetration 1s onc
which welighs no less than 5 g. The quantity
of fragments depends on the materilal, on the
thickness of the walls of the round, and on

the weight of the detonation charge.

The walls of the round generally exhibit a thickness amounting
approximately to 1/4 to 1/6 of the caliber, while the weight of the
detonation charge amounts approximately to 10 percent of the weight of
the round. With such a ratio between the weight of the detonation
charge and the thickness of the walls of the round a maximum quantity

of fragments capable of penetration is guaranteed.
Thus on the detonation of a medium-caliber round several hundred

fragments capable of penetration are formed. On explosion, approxi-

mately 20 percent of the fragments are formed by the nose section of

the shell, up to 70 percent come from the side walls, and up to 10

percent are formed from the base.
The fragmentation effect is characterized by the distance from the



point of detonation at which the fragments stlll retain thelr penetrate
ing power. This distance 1s a function of fraguent veloclity Imparted
to the fragments by the detonatlon and it 1s alsc a functlon of frag-
ment weight.

The fuse designed to detonate the detonatlon charge !s screwed
into the nose sectilon of the shell. Fuses are divided on the bagls of
operating principle into impact fuses and time fuses.

Impact fuses are employed for light-caliber shells, wherecas time
fuses are used 1n medium-caliber shells. The baslc rarts of a fuse in-
clude the following:

@® the fuse body,

@® the impact device,

@ the detonaior,

@ the blasting cap,

@ detonator cap, and

@® the arming pin.

It 1s the function o the arming pin to prevent the acc!duntal
detonation of the shell during transport and in storage. Moreover, the
arming pin ensures bore safety. The detonator serves as a prilmer charge
and is used to detonate the detonation charge. The detonator itsel® .s
fired by means of & detonator cap. The detonator is positioned between
the detonator cap and the detonation charge and serves to cnsure com-
plete detonation of the charge.

After the firing pin has struck the detonator cap, the dectonatlon
proceeds in the following sequence: detonator cap, blasting cap, de-
tonator, detonation charge.

Modern fuses are extremely complicated in constructlon and exact
in their operation; howsver, the auccess of the firing depends on their
proper functioning. The 37-mm fragmentation shell with tracer compoei-»
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tion is fitted out with a point-detonating fuse, and with a self-.
destroying fuse which explodes the shell after a certain lapse of time,
should the shell have falled to hit the target.

If such a shell strikes a target, the detonation cap 1s fired and
the detonation process continues in sequence to the detonator and the
detonation charge. If the shell misses the target, it is exploded by
means of the self-destroying fuse after the burning time of the latter
has elapsed.

Time fuses are again subdlvided into powder fuses and mechanlcal
fuses. In powder time fuses three time-train rings are positioned be-
tween the detonator cap and the blasting cap. These time-traln rings
have powder-filled bores and are in communication through connecting
orifices that are designed to permit the passage of the flame. It 1s
the purpose of these rings to prolong the detonation process. The pow-
der-filled bore burns for a definite period of time. The time-train
rings can be turned with respect to one another by means of a fuse-
setting key designed especially for this purpose. When this 1s done
the positions of the conneoting orifices are altered with respect to
one another, and this makes it possible either to prolong or shorten
the burning time of the powder.

By altering the duration of the powder dburning time, the distance
to the point of detonation is also sltered. Thus the flames on the one
hand ensure that the detonation actually takes place and on the other
hand make certain that the projectile [shell] covers a certain given
distance in order to detonate at the predetermined point along the
trajectory. The firing of the detonmator cap is achieved in the barrel
by the firing pin which is positioned in front of the detonator cap.
After the firing the firing pin drives through the detonator-cap cover.
The detonator cap then ignites the powder of the upper time-train ring.
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Fig. 16. Clockwork of time fuse. 1) Profile aperture; 2) housing; 3)
center shaft; 4) inertia block; 5) clockwork spring; 6) spring; 7)
vointer; 8) firing-pin lever; 9) coupling; 10) firing-pin spring; 11)
limiter; 12) pin; 13) firing pin; 14) pendulum; 15) detonator cap;
16) balance pendulum.

After the powder 2f the upper time-train ring has been consumed, the
powder of the middle time-train ring is ignited, followed by the pow-
der of the lower time-train ring. If the total powder charge has been
consumed in sccordance with the setting, the flame of the lower time-
train ring comes into ocontaot with the dblasting cap and the fuse has
fulfilled its funotien.

The lower time-.train ring is graduated to indicate a definite
burning time for the powder charge. The fuse body carries & red gradua-
tion marking to permit setting.

Mechanical fuses are basically unliike the powder fuses, because
their operational principle is based on the functioning of a clockwork
mechanism (Fig. 16). Mechanical fuses are more modern and exact in ef-
fect than are the powder fuses.

The time of detonation for a projectile at the given point along
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the trajectory 1s given by the previously set clockwork mecharnism of
the fuse. All elements of the fuse circuit, the detonator cap, the
blasting cap, and the detonator are positioned beneath the clockwork
mechanism in a mechanical fuse. In order to permit the setting of the
detonation time, such a fuse 1s also provided with a time-traln ring
that 1s to be turned through s corresponding magnitude. The housing
with its profile aperture is turned according to a pointer simultane-
ously with the time-train ring. On firing, the pointer is released '
from the lnertia block and the clockwork mechanism begins to function;
the central shaft together with the pointer is set into uniform mot:ou
by the force of the clockwork-mechanism spring. The uniform rotation
is ensured by a balancing pendulum. The pointer which is carried in
the upper part of the housing continues to turn as long as it 1is
aligned with the profile aperture. In thils position it 1is pressed
througn the profile aperture by the pressure exerted by the spring.
The firing-pin lever which blocks the firing pin is thus released.

The firing pin 1is actuated by the firing-pin spring to strlke the
detonating cap which then fires the blasting cap and the detonator.
Thus the firing of th’ detomating oap does not occur at the instant of
firing as was the cac with the powder fuse, but after a definite larse
of clockwork operating time.

The fuse time-train ring is calibrated to correspond to a definlite
operating time of the fuse (Pig. 17). The setting of the fuse is car-
ried out relative to a permanent graduation marking on the fuse hous-
ing. A hand fuse setter is used to effect the setting and this setter
is employed to turn the tension ring [time-train ring] through the cor-
responding value (Fig. 17). The setting carried out by means of the
hand fuse setter is, however, not acocurate enough and calls for cone
siderable skill on the part of the individual responsible for setting
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Fig. 17. Fuse setting with hand

i) ML T,

3) hand fuse setter; 4) reference

graduation; 5) fuse body.
the fuse, and particularly in the case of motion at sea leads to con-
siderable error.

In order to improve the working conditions of the individuals r::-
sponsible for setting fuses and to raise acocuracy in fuse setting,
weapons today are fitted out with MQ-nt&r equipment.

At the start of the second World War, radar fuses were developed
for the naviea.

Alring errors and time-fuse setting errors lead to a situation in
which the point of detanatisn is not always reasched in the immediate
vicinity of the target, and so the target is not always seriously dam-
aged. For this reason a large quantity of ammunition was needed for
the destruction of aerial targets. The radar fuse (Pig. 18) requires
no advance fuse setting, dbut takes over automatically in the vicinity
of the target, at which point the shell is capable of inflicting the
greatect damage to the target.

In the opinion of foreign specialists the radar fuse should be re
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gavded as the most modern fuse at the present time and it 1s thereforec

finding ever-gieater application, it 1s continuously being refined,

and 1s also being 2mployed in rockets and in bombs.

The operating principle of a radar fuse is similar to that of s

radar station (Fig. 19). A transmitter and a receiver are buillt into

the fuse body. Moreover, the fuse 1s fitted out with an antenna that

i1s intended for tranamission and reception. After firing, the power

Fig. 18. Schematic
diagram of radar
fuse. 1) Antenna;
2) filler; 3
plastic cover; 4
tranamit-recelive
unit; 5) fuse body;
62 battery; 7
electrolyte;
safety device; 9)
self-destroying
fuse; 10) detona-
tor.

source 1s actuated and provides f'or the emissior
of electromagnetic waves into space. An electro-
magnetic field is formed around the fuse 'Fig.
19;. If this fleld comes into contact with a
target, the signal reflected from the ta:get 1~
picked up by the receiver in the fuse and con-
verted Into electrical pulses which are ampli-
fled 1in proportion to the approach to the target.

If the fuse is some 30 to 50 meters from
the target, the fuse is actuated by the ampli-
fled pulses. In the following the reader will
be familiarized with the construction and op-
erating method of a British radar fuse.

A radar fuse is small in size and resembles
& mechanical time fuse. The individual parts of
the fuse are housed in a steel cylinder known
as the fuse dody which is covered with a plastic
dome (Fig. 18). The most important parts of the
radar fuse include the following:

@® the detonation mechanism and the

® cransmit-receive unit.

The detonation mechanism produces the detonation of the shell
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Fig. 19. Operating principle of radar fuse. 1) Signal from fuse an-
tenna; 2) target-reflected signal; 3) signal oscillation (receiver la-
put); 4) audio frequency (receiver output); 5) amplified signal for
primary winding of contact. A) Secondary winding; B) primary winding;

C) contact of secondary oirouit; D) electrical detomation; E) current
source; F) contact. :

charge at the given tims. This mechanism includes an electrical primer,
the blasting cap, and the detenator.

The transmit-receive unit of the redar fuse ircludes a current
source, the transmitter, the receiver, and a co.tact pore.

The electrical primer, the blasting cap, and the detonator are
positioned in line in the bottom part of the fuse body. The electrical
detonation 1s ensured by means of a resistance bridge Jacketed with
black powder. The resistance bridge consists of a sp.clal wire exhibit.
ing high electrical resistance. A detonation initiator is employed as
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the blasting cap. The blasting cap is set off electrically. The de-
tonator is used to amplify the effect of the blasting cap. In order to
set off the detonation, the electriz current must be passed through
the resistance bridge, the bridge must be made to glow, and thus to
cause the black puwder to burst into flame. The resulting flame then
ignites the blasting cap.

In order to cause the resistance bridge to begin to glow at the
glven instant of time, a special contactor 1s employed.

Among others, this contactor includes an electromagnet relay that
is connected to 2 circuits. The first circuit, as a rule, is known as
vhe control circuit, while the second circuit is known as the working
circuit (Fig. 19). The power source, the secondary winding of the elec-
tromagnet, and the electrical ignition are series connected in the
second circuit. If a voltage of sprcific magnitude is applied at the
first winding of the electromagret, the armature is attracted and the
contacts of the second circuit are closed. Thus the flow of currert
through the secondary winding 1is ensured and nothing stands in the way
of the ignition.

Tﬁn transmit-receive unit of the fuse, in conjunction with the
amplifier, provides the input voltage for the contactor at the required
instant of time. The transmit-receive unit, the amplifier, and the an-
tenna are mounted in the nese section of the fuse.

™he high-frequency rlectromagnetic waves emitted tv the transmit-
ter into space are simultaneously picked up by the receiver, although
the slectromagnet of the contactor is not affected dy this. If, how-
ever, tergets should sppear within the effective range of the fuse,
the emitted waves ar rellected from the surface of the target and thes
are picked up by the fuss antenna.

Inasmuch as the respective positions of Zuse and target are chang-
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ing relative to one another, the reflected signal naturally exhibits
higher frequency than the emitted signal (the Doprler effect). The 3
flected signal 1s weaker than the emitted signe , although with clot
dlstance the signal !s amplified.

Both signais are added in the antenna &nd so-called beats appet
l.e., oscillations of an intermediate frequency with periodically f.
tuating amplitudes. If the beats reach the recelver, the low-freque:
osclllations are l1solated by the recelver, amplified, and carried tc
the contactor. The low-frequency alternating-current voltage appliec
to the contactor Increases as the distance between the shell anc the
target diminishes and flnelly detonates the fuse when the vol‘age 4
talns a #iven value,

Dry cells are used as the power source 1in radar fuses. The eic:
trodes are connected to a block and -~ insulated from the housing - -
Into the fuse.

The electrolyte is carried in a glas3 ampule that ls stored In -
center of the electrode block. The mounting of the glass ampule per-
mits 1limited axial shifting. A firing pin 1s built into the fuse and
1s situated bensath the glass ampule. The ampule is protec.ed se2.ins’
accidental destruction by & spring which maintains the required dis-
tance between the base of the ampule and the tip of the firing ﬁin. i
the shell leaves the barrel, the ampule overcomes the resistance of
the spring by inertial forccs and is demolished as a result of strong
Lnpact against the tip of the {iring pin. The electrolyte flows over
the electrode block c¢o produce an element that provides the required
current to supply the transmit.receive unit,

Radar fuses are, in addition to the above-cousidered parts. slso
equipped with self-destroying fuses twthich are sctuated 1if the fuse
fails to detonate in the proximity of the target; in addition, radar
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fuses incorporate a safety device which eliminates the possibility of
accidental fuse activation prior to firing.
FIRE-CONTROl, EQUIPMENT

Firing against aerial targets differs significantly from the or-
ganization and theoretical execution of firing against water and
coastal targets.

Aerial targets fly at great velocitles, are small 1in size, and
remain only for brief perlods of time 1in the firing zone. These fea-
tures make operations against agrial targets more difficult and arfec*
the desigcn of the flre-control equipment, as well as " methods and
operations of anti-aircraft artillery.

Operations agalnst aerial targets call for exact knowledge of lav
governing target and projectile motion.

As 1is well known, a projectile does not fly a straight line, bu-
rather describes a curved trajectory. This trajectory consists of an
ascerding branch which reaches to the peak of the trajectory, and of a
descending branch which concludes with projectile impact. For firing
against aerial targets only the asoending dbranch of the trajectory 1is
significant, so that the time fuses intended for operations against
aerial targets are designed and constructed exoclusively for this pore-
tion of the trajectory.

We will subsequently deal with the elements of the trajectory in
a rectangular coordinate system which does not talee rolling motion
into consideration (Pig. 20). The line 0Z connecting the weapon and
the target is known as the slant range. The angle ¢ betwoen the line
0Z and the horizor is known as the target elevation angle.

Since the projectile does not move in a straight line, but rather
over a curved trajectory which passes through the target, additional
elevation of the gun barrel is required and this must correspond to ‘he
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magnitude of the angle of target elevation. This additional elevation
i1s a function of firing range. The angles through which the barrel of
the weapon mugst additionally be raised are known as the elevation cor-
rectlon. The sum of the target elevation angle ¢ and the elevation cc.
rection a is denoted as the elevation angle 9. In order to hit the tar
get, the barrel of the weapon must be raised through this angle from
the horizontal position. On firing the barrel elevated through the
angle 9 is forced out of its 1nitial position as a result of the de-
veloped forces. The resulting :gle w 1s known as the angle ol jump.
The sum of ¢ and w accordingly forms the quadrant angle of departure

at which the projJectlile leaves the barrel on firing.

{%g. 20. ProJacgtlc traao;tcry and
titude; 3] horilontas ranes ) “

On ships the sweep £one of anti-airoraft weapons is restricted ln
the horizontal plane by the superstructures of the ships and in the
vertical plane primarily by the design of the weapon itself. As a rule,
the maximum barrel elevation amounts to 85°. The zone formed by the
ascending trajectory branches in the sw2ep zone is known as the zone
of range limits. This zone is ghown in Pig. 21, no horizontal limita-
tions having been tiken into consideration here.

The zone of range limits for anti-aircraft weapons can be repre-
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Filg. 21. Zone of range limits and

effective zone. 1) Zone of range

limit; 2) dead zone; 3) effective
zone,

sented in three-dimensional form, and the ascending branches of the
trajJectory can be rotated 360° about the vertical axis which can be
imagined to pass through the weapon. The surface formed as a result
forms the extreme limit of the space. The inside space limit is pro-
duced by the rotation of the ascending branch of the trajectory throug:.
the above-mentioned vertical axis with a barrel elevation of 85°, The
volume element about the vertical axis — this element bounded by the
inside space limit - is Inown as the dead zone. It is impossible to
fire at targets in this sene. The firing zone lies within the region
of the zone of range limit; the firing sone refers to the space in
which the points of detenation for preoje:tiles equipped with time fuses
may be found. In terms of dimensions the firing zone is smaller than
the zone of range limit.

Thus we have established that there exists for every anti-aircraft
weapon & limited zone within whioch it is possible to fire at aerial
targets. In order to hit the target, the barrel must be aimed in both
the vertical and the horizontal planes.

The horizontal sighting angle is comprised of the actual heading
angle Qs the lateral deflection of the target, the motion of the fira.
ing shiy during the period of projectile flight, and from a number of
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corrections that are functions of the meteorological and sea-notion
conditions. The vertical sighting angle consists of the firing range
and a number of corrections which must be converted into angular quan.
titles. The correction for range takes into consideration the varliat's
in range during the period of projectile flight, the diminution of alr
density, the reduction in the initial velocity of the projectile, the
effect of roll, and that of other magnitudes.

Through consideration of all corrections the sighting angles are
divided into total horizontal and votal vertical sizhting angles (th--
angles were earlier denoted as elevation and traverse quantitles). Fox
" operations against aerial targets the weapons must be aimed in accorqd-
ance with these total sighting angles. These angles are derived by
means of the fire-control equipment.

Modern fire-control equipment consis*s of a large number of com-
puters whose operation is rigorously dependent on one another. This
equipment functions in conjunction with the technical observatlon fa-
cilities and is connected through remote-:ontrol systems to the re-
quired combat-ocontrel and weapon positions. The equipment at a fire-
control installation is distrituted on the bdasis of the purpose for
which it is intended ever & wide renge of combat stations.

Synchro snd follew-up systems are used for the transmission of
the various values frop the teohnical observation stations and command
posts to the computers and for the remote control of equipment and ma-
chinery.

The synchro systems ensure the temporsry coincidence of angular
deflections on the part of several shafts that are not mechanically
connected, and also the transmission of values to the equipment.

Since the operational acouracy of the synchro systems is s funce-
tion of the load applied to the corresponding receiver, the latter can-
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not, in practical terms, be loaded.

Follow-up systems which produce an adequate moment of rotation at
the shaft of a vertical gyro are used for the automatic introduction
of quantities to the equipment or machilnery. The follow-up systems ca:.,
for this reason, also be regarded as moment amplifiers.

The follow-up systems are subdivided into induction follow-up and
contact follow-ur systems.

In the case of an induction follow-up system the selsyn converts
the magnitude of the angle into an electrical signal and toansmits th..
to the pickup elecirically connected to it. The pickup controls a ver-
tical gyrc upon receipt of the electrical signals through an amplifi~-
The vertical gyro 1s intended to work out the quantities deflined by
the pickup and automatically provides for the input of the values to
be transmitted into the corresponding equipment. The amplifier 1s de-
signed to intensify the electriral signal of the pickup, this signal
having the function of controlling the operation of the vertical gyro.

The contact follow-up systems are intended for the synchronization
of the positions of mechanically uncennacted shafts. The follow-up sys-
tems control the vertical gyro by msans of a contactor.

The contaot follow<up systems do not turn the shaft of the selsyn
and the vertical gyro synchrencusly. The synchronization of the ‘elsyn
and vertical-gyro shafts ocours only after completion of the rotation.
The contact follow-up systems dbescome synohronized only after the posi-
tion of the conirol element has been completely transmitted.

On the other hand, the induction follow.up systems transmit the
values to be transmitted synchronously and in essence are thus similar
to a synchro system.

The fire-control systems can be subdivided into automatic and
simplified systems.
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‘Automatic fire-control systems calculate the data required to hit
the target on the basis of information received from the observation
stations, all meteorological and ballistlc correctiouns taken into con-
sideration here. The simplified systems on the other hand take into
consideration only a portion of the corrections and in part operate on
the basls of estimated initial values.

The following major pleces of equipment are part of an automatic
system:

@® the circular-scan direction-finder station which is simultane-
ously employed for target allocation;

@® the artillery radar station which supplies the 1nitlal data for
the computer;

@® the computer which 1s employed to solve .he target firing prob-
lem;

@® the remote-control mechanism for the automatic aiming of the
weapon;

@ the firing circuit and a number of auxiliary instruments.
Observation and =Ih t t nt

Radar stations at the present time represent the chief forms of
observation and target-indication equipment. Optical instruments today
fall into the category of reserve.

Radar stations oan previde oircular scanning for prolonged periods
of time and oan detect and recognize fast-moving targets within a range
of several hundred kilometers, regerdless of the meteorological cordi-
tions. The effective range with respect to low-flying targets, however,
1s limited by the immediate range of visibility. Radar stations which
are employed for target indication in addition to observation transmit
electrically the position of the detected target to tho artillery radar
stations which, after receipt of the target indication track the momen.
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tary actual target and emit the target coordinates with a high degree
of accuracy.

Daughter instruments (oscilloscopes showing data from a distant
radar unit), connected to radar observation stations, are set up at
command posts and important combat-operations headquarters. Thus the
individual in charge of fire control or the commander 1is in a position
to evatuate the air situation on the basis of the radar picture.

The main elements of a radar station include the following:

@® the transmitter, with antenna;

@ the transmit-recelve switch;

@® receiver unit with oscilloscope.

The tranamitter and the receiver operate with the same antenna. A
transmit-receive switch can be used to connect either the transmitter
or the receiver to the antenna. Lumped electromagnetic waves are emit-
ted by the transmitter and t'iese, after striking the swrface of a tar-
get, are reflected and again picked up by tne receiver.

A radar station seeks a target 1n a manner similar to that of a
searchlight. Sinoce the direction of the beam is established, the bear-
ing and target elevatien can be deterained.

Since the velecity of propagatisn for electromagnetic waves is
known to-us (v = 300,000 W/sec) a3 well as the time (t) to th. return
of the emitted signal, we cen esasily deterains the ranges to the targec
by multiplying y and §. The product of these quantities mist, however,
be halved in the determination of target range, since in the time t
the signal covers the disteance to the target and then returns to the
ship. The range to the target is thus determined according to the fol-
lowing formula: D, = 1/2v.t.

The propagation velocity of electromagnetic waves is great and
therefore the time to the reception of the signal reflected from the
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target involves only tenths or hundredths of a second. For this reason
the process of antenna switching from reception to transmission and
vice versa must proceed in millionths of a second.

Through the continuous switching on and off of the transmitter,
reflected signals are constantly being received. The small time differ
ences are naturally beyond the range of simple measuring devices and

oscilloscopes must therefore be employed for this purpese (Fig. 22).

£reitronen
Quelie(Korde)

Fig. 22, Oscilloscope. 1) Control

grid; 2) anode; ?) oacillescope; 4)

Hlecting slecirodes.” 003 5) de-
The electron beam represents nothing but & beam of electrons moving
from the cathode to the anode. The inside front wall of the oscillo-
scope 1s coated with a material that glows at the point struck by an
"electron beam. This electvon beam can be controlled .o as to be de-
flectad either to the right or to the left, or it may be deflected up
or down. A pair of vertical and horizontal deflecting electrodes is
used for this purpose. The operating principle of these deflecting
electrodes is based on the fact that the electrons are attracted to
positively charged plates and repulsed by negativoly charged plates.
For example, if the left vertical plate is positively charged and the
right vertical plate negatively charged, the electrons are attracted
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to the laft plate and the electron beam passing between the plates ls
deflected from its initial position to position A. If the plates are
oppositely charged, the electron beam is deflected to position B.

Analogously, the electron beam can be affected by horizontal
plates so that given appropriate char;es the electron beam can be de-
flected to position C or position D (Fig. 22).

The charge on the vertical plates can be acted upon so that a
glowing horizontal line AB is attailned. If the length of this line 1s
10 cm and a thousandth of a second is required to cover thls distance,
the scale for the determinatlion of the time at which the reflected sig-
nal is to return can be determirned.

As the recelver picks up the reflected signals it charges the up-
per horizontal plate positively, causing the electron beam to deflect
upward and this deflectlon becomes visible on *Ye scope. The pulse
emission 1s tuned to the horizontal motion of t1e electron beam so
that the pulse 1s emitted from the transmitter iut the instant of time
at which the electron beam has attalned i‘s ext-eme position, l.e., at
the time at which the glowlng spot is opposite the zero indication.

The reflected signals are picked up by the receiver at brlef time
intervals and a continuous field of deflections is formed on the scope,
with the last deflection being most clearly recognizable. As the recep-
tion time for the reflected signals changes, a ~orresponding change in
the position of the deflection can be seen on the oscilloscope.

The deflection can be used to determine the time required for the
reflected signal to complete the return, and thus it becomes possible
by means of the above-cited formula to calculate the distance to the
target. The calculation of the elapsed time 18, however, inefficient
and consumes considerable time. For the more rapid determination of
target range, a range scale which takes the determined scale into con-
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sideration ls marked directly on the oscllloscope, rather than time

markings.

Iet the prominent indicaticn con the oscilloscope correspond to a
tenth of a millisecond. Which range will, in thils case, correspond to
thls time period? This can be calculated as follows:

-SGOOOO't 300000 - 0,0001

D
: 2 &

= 18 km.

In other words, an over-all measuring range for one nillisecond
corresponds to an over-all range of 150 km;

After the calculated values have been marked on the scope, 1t ve-
comes possible to read off the target range without any further compu-
tation (Fig. 22).

If not Just one but severai targets are located in the directilon
in which the beam ls radisted, ecach target forms 1its own reflected
pulse and the corresponding deflections appear on the scope.

Optical instruments such as targev-indication sights and range
finders are uc:'d in addition to radar stations for purposes of detec-
tion and target indication.

Artillery Radar Stations

Stabilized fire-control stations are employed for purposes of de-
tection and the transmission of target ccordinates. It is the function
of the fire-control stations to track the target continuously, to de-
termine the coordinates constantly, and to transmit these coordinates
to the computer center for purposes of ..abling the latter to resolve
the target firing problem.

Instruments for Computation of Ini“ial Firing Date

The 1.08t important instruments designed for the computation of

initial firing data are housed at the computer center and include the

computer, the coordinate converter, the fire-control eqaipment, the
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firing circult, and others. Of the above-enumerated instruments, the
computer 1s the most important. This unit solves the firing problems
relative to aerial, water, and coastal targets and determines the set-
tings for the weapons, without taking roll into consid:ration. In addi-
tion, the computer provides the fuse setting for firing against aerial
targets.

The coordinate converter transforms the computer-derived firing
angles into total firing angles for which roll has been taken into
conslderation, and these are subsequently transmitted to the weapons.
The determination of the firing angles 1n the computer and in the co-
ordinate converter is a contlnuous and automatic process.

Laying Mecnanisms

Naval weapons are fitted out with lnstruments and mechanisms which
can te empiovyed for purposes of alming at aerial, naval, and coastal
targets on the basis of the derived values. The aiming [sighting] pro-
cedure can proceed automatically, semi-automatically, or manmually, and
the weapons are fitted out with appropriate receiver units from which
the settings can be read off (Fig. 23). All of these recelver units
are synchronized with the computer center.

With automatic aiming the weapons can be set into firing position
by means of remote control without interference on the part of the gun
laye.o. In the case of semi-automatic aiming the sighting angles workea
out at the computer center are synchronously transmitted to the re-
celiver instruments mounted at thé weapons. The coarse and fine reading
scales of the receiver instruments are needed because it 1is impossible
to mark all calibrations on an exact scale. Each scale division in the
case of the coarse reading scale corresponds to a magnitude of 100 TD
(a thousandth of the distance), and each scale division of the fine
reading scale amounts to 1 or 2 TD. Frequently, the expression TD is
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Flg. 23. Recelver units., 1) Recelver

(total horizontal sighting angle);

2) rine reading ccale; 3) coarse

reading scale; 4) recelver (total

vertical sighting angle); 5) receiver

(fuse settings).
also rendered as scale dlvisiuns., A scale division 1s equivalent to
3.6 minutes of arc. With a complete rotation of the fine reading scale
the coarse reading scale shifts through a single scale division. In
the case of fine reading one generally speaks of small scale dlvisions
vhereas in the case of coarse reading the reference 1s to large scale
divislions.

Pointers are seated on the rotor axes of the recelvers and corres-
ponding indicaticn markers have temporarily been applled to the sta-
tors. During the course of the aiming process the pointers are rotaied
through the magnitude of the received firing settings. The receiver in-
struments are tuned so that 1ts indicators [pointurs] and indication
mar<ers are set at zero when the barrel of the weapon at zero degrees
elevation coincides in direction with the plane of the ship diameter.
The stator of the receiver is mechanically connected to the correspond-
ing elevating and traversing mechanisms. By turning the elevation and
traversing mechanism drives, the gun layers align the calibrations
with the indicators on the rotors and thus impart the desired position
to the weapon. If the actual indicator calibration 1is alligned at the
corresponding pointer, & red signal lamp flashes.
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In a number of fire-control systems the calibration markings of
the recelver are permanent. In this case the rotors of the recelvers
are mechanicully connected to the elevation and traversing mechanismsc.
Upon receipt of the total sighting angles, the indlcators are deflected
through ccrresponding magnitudes from the permanent calibration mark-
ings.

Here again the gun layers align the indicators and calibration
markings, thus setting the barrel of the weapon into the required posi-
tion. The gun layers must continuously align the coarse-reading indi-
cators first with the permanent calibration marking, and then carry ocut
the alignment of the fine-scale indicator.

The continuous transmission of sighting data and the alignment of
the needle position relative to the calibrations keeps the weapons con-
tinuously directed in accordance with the sighting angle worked out at
the computer station. In addition, the weapons are equilpped with spe-
clal recelvers which are marked with scales indicting the fuse set-
tings. The construction ol such a recelver 1s similar to that of the
slghting data recelvers.

Peripheral Instruments

The weapons are fitted out with instruments for transmission of
commands and with switches by means of which the various firing cir-
cuits can be effected, corresponding to the position. In addition, the
weapons have firing blocks and limiters which prevent firing in unde-
sired directions. Frequently, weapons are fitted out with simplified
fire-control mechanisms. Every weapon is provided with sights vhich
may be employed independently against visible aerial, naval, and coast-
al targets in the event of a breakdown in the fire-control equipment.
Remote Controls

Follow-up systems were dealt with briefly in the previous section.
These are also known as remote-control systems. These systems are em-
ployed to aim weapons automatically, rapidly, and accurately on the ba-
sis of the initial data, This sighting procedure is possible because in
the case of remote control involving power drives the electrical pulses
transmitted by the fire-control equipment are converted into mechanical
work which is utilized to drive the sighting mechanisms,

Since the electrical pulses which are carried from the coordinate
transformer to the receivers are too weak in order to perform useful
werk, they are applied to amplifiers. The pulses are amplified in the
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Fig. 24. Remote controls. 1) Transmitter; 23 recelver; 3) amplifier; 4)
dynamo-electric amplifier; 5) servomotor; 6) remote control with elec-
trical power drive; 7) servodrive; 8) hydraulic unit; 9) hydraulic mo-
tor; 10) remote control with electrohydraulic drive.

amplifiers. Then these pulses are transmitted to the control units
which complete the aiming operation by means of the power drives (Fig.
24). The power drives can be cubdivided into eliectrical and electrohy-
draulic drives.

In the case of electrical power drives the slignal voltage from the
amplifier 1s alsc applied to a dynamo-electric amplifier where it is
agaln amplified and applied to the servomotor that is connected to the
corresponding sighting mechanism. At the present time 1t i1s the elec-

trohydraulic drives that are primarily in use, with the electric motor
of the latter connected to a hydraulic velocity regulator (the hydrau-
1ic drive) which can be used to achieve constant changes in the sight-
ing speed. In this case the signal from the amplifier is carried over a
corvesponding control unit and converted there into mechanical work.
This work is used by the hydraulic drive which consists of the hydrau-
1ic unit and the hydraullc motor (Fig. 25). The shaft of the hydraulic
motor is connected with the sighting mechanism provided fur this pur-
pose. The hydraulic unit and the hydraulic motor are connected to one
another through the pressurized oil lines. The shaft of the hydraulic
unit transmits the rotational motion to the cylinder block through a
linkage. The cylinder block is provided with boreholes through which
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the pistons move, The piston rods are connected to the driveshaft. Th:
bottom cylinder castings have oval orifices through which the oil 1=z
either drawn in or pressed out, corresponding to the motion of the pic-
tons. The cylinder block can change position. This change 1in position
1s achieved through a control unit provided for this purpose. When thc
driving motor drives the shaft of the hydraulic unit at constant veloc-
ity and the driveshaft forms a certaln angle with the piston rods, the
pistons execute boih rotational and translational motion. During the
course of a single shaft revolution each pistion reciprocates once Le=-
tween the hindmost and foremost positions. The plstons which move to
the rear during the rotational motion draw in o1l during this phagse ar.i

those which move forward press the oil into the pressure lines.

Fig. 25, Construction and operation of
a hydruulic drive. 1 Driveshnrt, 2) pis=-
ton rod; 3) giltons oil pressure line;
5 bottom oylinder castings; 6) cylinder
blocks ;T hydraulic unit; 8) hydraulic mo-
tor,

The piston stroke is a function of the angle of the hydraulic unit.
The larger the angle, the greater the piston stroke (a) and correspond-
ingly the drawn in quantity of oil. If the angle has a value of zero,
oll is neither drawn in nor forced into the lines, regardless of the
rotational motion of the driveshaft. The oil passes into the pressure
1lines from the cylinders of the hydraulic unit through the distributor
housing and then moves from the lines into the cylinders of the hydrau=
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1lic motor where it exerts the corresponding pressure against the pice
tons of the hydraulle motor.

In terms of desigﬁ the hydraulic motor 1s cimilar to the hydraulle
unit, The difference lles 1n the fact that the hydraulic motor forms a
permanent angle with the end of the shaft, whereas the hydraulic motor
develops maximum efficlency. The pressure P is transmitted from the
plstons through the piston rods to the end of the shaft. The {force P lc
composed of the components N and T because of the angle.

The actual component N 1s applled to the point of picton-rod en-
gagement and forms the tangent at the arc of the ci:rcle that is des-
cribed by the rotational motion of the ends of the pilston rodes in the
dlstributor housing. |

The components N thus produce the rotational motion of the chaft
end. The angular velocity of the shaft end 1s a functlion of the quanti-
ty of oll that 1s forced into the cylinder block of the hydraullc motor
per unit time. The direction of shaft-end rotation is a function of th-
angle of the hydraulic unit. This angle may be negative or positlive;
this determines the corresponding direction of rotation.

The electrohydraulic drives exhibit high efficlency and ens.re
great sighting speeds of sufficient accuracy.

FIRING PREPARATION

Modern aerial targets are extremely fast and as a result spend ocut
a short period of time in the firing zone. This circumstarice alters the
initial data for firing very rapidly and makes it necessary to attack
aerial targets with effective fire, without zeroing in. Extensive and
thorough preparations are therefore necessary for operations against
acrial targets. These preparations include:

the preparation of all materials;

the preparation of the fire~control equipment;
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and the preparation of the ammunition,
The success of the firing operation depends in great measure on
the quality of the preparatory work.

The firing preparation in the case of

antl-aircraft artillery of medium callber
can be divided into preliminary preparatlon
(prior te detection of target) and final
preparation (after receipt of target indl-
cation). |

Preliminary preparation involves all

' corrections that affect the f*ring proce-
Fig. 26. Solution of the
firing problem. dure, although these are independent of the

target. It 1s during this period of prepar-

ation that the weapons are checked out, the fire-control equipment con-
nected, and the ammunition cleared. The preliminary preparation 1s ric-
divided into ballistlic and meteorological preparation. Normal balllstic
conditions require that the barrels be new, that the propellant charge
coincide with tabular values, that the temperatures of the propellant
charges amount to +15° C, and that the weight and shape of the shells
coincide with the specifications., Normal meteorological conditions, on
the other hand, stipulate that the wind speeds for all altitudes be cf
zero value, that the air density coincide with the tabular values, and
that the air pressure, temperature, and humidity coincide wlth the
previously determined values.

Tne meteorological preparation is undertaken in accordance with a
"Balta" report (Balta = tallistic daily correction) that is transmitted
periodically for purposes of computation, If the degree of barrel wear,
propellant-charge temperature, shell weight, and changes in meteorologe

ical factors are known, it becomes possible to determine appropriate
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corrections from corresponding tables in order to derive the percentag
changes in the muzzle velocity A‘Vosum for the gilven instant of time an
to derive the total deviation in air density (ALDo
ditions.,

sum) from normal con.

All of these correctlions are fed into the computer. In the case of
firing without a computer, these correction factors can be taken 1nto
consideration only partially. The final preparation begins with receip'
of target 1ndication and concludes with the computation of the spatial
lead point Ay at which the shell and the target will meet (Fig, 26).

The computation of this lead polint 1s known as the solution of tl.
firing problem. The flre-control equipment has the function of ascer-
taining the coordinates of the lead point at which the target and tiw
misslle are to meet. In order to determine the lead point Ay 1t is nec-
essary to determine the motion of the target exactly, and also to as-
certain the muzzle veloclty during the preliminary preparation for fir-
ing.

The motion of the target 1s established by the artillery radar
stations, with continuous monitoring of the instantaneous target coor=-
dinates (range, bearing, and target elevation). The time required tor
the determination of the instantaneous target coordinates 1s knowr. ac
the observation time tB’ For the actual solution of the firirz prorilem,
for the transmission of the computed data to the weapons, and for the
loading and sighting procedures a time ta is required, this time known
as the operating time, In addition, the flying time tp of the misslile
to the lead point must be taken into consideration. The operating time
tA and the flight time tF together total the so-called lead time t
(Fig. 26).

v

It 18 advantageous Lo keep this time as low as possible, ir. order
to diminish the effect of changes in taiget motion, since otherwise the
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firin> problem cannot be colved exactly.,

The nature of target motlon during the peried of the lead Lims
must be established on the basic of a thorouish ctudy of the tactlealea
englineerineg characterlistics and depleyment practices of snemy acrlal
targets. In this case we speak of targat-motion hypothezes,

There are a nunoer of sush target.motion hypotheses, Frequent ule
was made of Lhe hypothesls according to whlch the tarsei, during the
lead tlme, moves along a stralght line and without evaslive actlon In
any plane. Such a hypothesis provides adequate cnarac.erization o tar-
gel motion and permits the solutlen of the flilrin: problen asainst uvouh
horizontal-flylng targets and dive bombers.

In addition to the target cocralnatzss, the parameters of metlcon
must te known in ordes to solve the firing problem, l.e., 1t 1c neces-
sary to kriow the magnitudes which determine the nature or the tarzet'c
mction together with the instantaneous coordinates. The tarzet-motlion
parameters are determined in the computer, and this dete:rminatlon 1s
baced on the rate of change for the instantaneous coordinates,

In the case of rhipe not fitted out with fire-control equipment,
the motion parameters of the target are estimated. The firing problem
iz recolved on the basis of the measured instantaneous coordinates aru
Lhe derivad motion pareameters of the target, the lead triangles Ayc»‘;1
and A;OA'I beinz constructed in this case, the lead point Ay (Fig. 26)
then being calculated, Ii: modern fire~control inastallations the floing
problem ie solved for the horizontal plane, while the 1light anti-aire
crart artillery solves the firing problem in ithe slant plane by means
of automatic and front ring sighie. The coordinates of the lead point
calculated in the computer are transmitted to the coordinate transfore
mer where the rolling motion of the ship is taken into consideration.
The total firing angles are transmitted from the coordinate transformer
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by means of follow-up system: to the elevation and traversing mcchane
1sms of the weapons and the barrels are aligned so that the projectilec
meet the carget. The detonation of the projectiles at the point Ay is
ensured either by means of a time fuse which is set in accordance with
the flring range determined by the computer, or it 1s ensured by means
of a radar fuse which is actuated in the vicinity of the target. In the
event of a failure on the part of the computer or if no such equipment
is avalilable, the weapons are sighted on the basis of the elevation and
lead-point values. The sights are set for these magnitudes or the mag-
nitudes can be determined by means of speclal sights if the weapons are
approprlately equipped. The final preparation is thus a combination of
several operations, whose function it is to determine the initial val-
ues for the first salvo. Individually, these operations lnvolve:

the determirnation of the instantaneous target coordinates;

the derivation of the target motion parameters;

the solution of the firing prodlem;

the determination of the final sighting data for the weapons;

and the determination of the fuse-setting values.

The final initial values are then fed to the weapons; the latter
:an then be atmed and londeds

In dynamic terms the entire precedure then unfolds as follows: af-
;er the target has been deteoted Dy the ship, the ombat alarm is given
ind the orew assurss its combat and command stations. All weapons and
echnical facilities ¢ . readied for combat and information pertaining
o target indication is provided by the main command post. Target indi-
:ation serves simultantanecusly as the command to open fire. Upon ree
‘elpt of the target fndication the individual in chargs of the firing
rocedure i1ssues the corresponding orders. The fire-control equipment
egins the computation of the initial deta. Simultanecously, the flow of

62 «

Buoibll W BB i e o TR - B M PART B e 2 1S



ammunition is started. The salvos are fired at the prescribed rate of
fire. No firing corrections are undertaken. The individual in charge of
the firing operation only observes the effectiveness of the flire

against the target.

Beyleitfover Soorriover

Filg. 27. Anti-aircraft artillery fir-
ing operatlons. 1) Accompanying fire;
2) barrage fire; 3) barrage.

Indications of firing effectiveness are cilui,er target damage or
violent target maneuvers, if the detonation points are in the vicinit,
of the target. The firing operation 1s halted as soon as the target is
damaged or after the target has left the firing zone, The firing 1s
stopped at the command "Battevy, cease firing."

Depending on the situatisn, the firing may be carried out in a2 -
cordance with various mothodss | M& , M ing fire is the basic method,
the detonation points continucusl, following the target in this case.
The firing is executed in salves in acsordance with a predztermined
rato_or fire, Piring in velves demands disoiplined performance on the
part of the gun crews and fsolilitates observation., The initial data for
each salvo are worked out either by mears of the fire-control equipment
or taken from tables, if the firing procedure is being carried out by
means of such tables, This method is extremely exact and may be eme

ployed for operatiors against any aerial targets.
Another method involves the firing of barrages (Fig. 27). This
method 18 employed when 2 surprise aerial attack is under way 4nd no
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time is available for the preparation of the fire-control equipment.
Each barrege consists of a number or salvos with an exact fuse setting,
We speak of a mobile barrage when we move from one barrage to another,
with a determined numdber of salvos fire per barrage. The last barrage
1s designated as a nonmobile barrage, since the fuse setting of this
barrage is employed until the target is either damaged or leaves the
firing area. Nonmoblle and moblle barrages combline to form the so-
called barrage firing whose density can be increased by the firing op-
erations of the large-caliber weapons of heavy battleships. The barrag-
es are fired at a maximum rate of fire.

Automatic weapons are used for operations against rockets, pursuit
bomber alircraft, dive bombers, and torpedo aircraft which operate at
atitudes below 3500 meters and represent direct danger to the ship.
Surprise and the short duration of the aerial attacks impose great re-
quirements upon the weapon crews, The crews must be thoroughly familiar
with tne deployment characteristios of the enemy air force, they must
be able to work repidly, and they must be !.n & position to conduct true
and acourate firing cperetions.

Preparation for firing m ta weRapons also consists of pre-
liminary and fined peephikibing: =

Generalily, ia “
that are not fitted eub whi

(iistion of sutomtic weapons
‘ ! rol squigment the spesd of the
carget and the angle of éi mmm, the renge being based on
information frem & rengs fingé ;w 8120 estinmated,

The preparatory operstisns prios to firing should, if at all pos-
sible, be conoluded upen entry of the targst within the renge of the
weapon. Continucus fire is the basis method employsd with automatic wea«
pons when firing against aerisl targets. Depending on the ranges, long
or short bursts are fired and thb intermediate periods of time are used
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for fire corrections. Upon receipt of target indication the individual
in charge of the flring operation 1ssues the corresponding commandc,
The gun layers set the specd, range, and angle of dive on the automatic
sight, the gun loader feeds ‘he ammunltion, and firing can then Le come
menced.

Avoard a ship fire control may be carried out from a central point
or it may be decentralized. In the case of centrallzed fire control,
the individual in charge of the firing operation oversees-all weapons
simultaneously, whereas in the case of decentralized fire control thne
weapons are used by batterles or in groups.

If possible, the fire of several ships should be concentrated
agalnst a single aerilal target. In thls case we speak of concentrated
fire, which produces the most rapid suceessful results.

Anti-Aircraft Rockets

Modern alrcraft and rockets exhibit outstanding tactical flight
characteristics which are expressed particularly in high speeds and al-
titudes. As a result operations ageinst such targets with conventlonal
artillery is extraordinarily difficult and impossible at high altlitudec.

The positive defense of ships at 3ea against aerial attacks de-
mands that action be taken " ”‘”‘”ﬁhﬁ enemy air force at a point ir
time at which the enemy iiﬂigf€g‘iﬂvbptlll at considerable distances
from the target. -

The anti-airereft rockets, representing a new stage in the devel-
opment of anti-airoraft fmeilities, are weapons capable of satlisfactor-

11y meeting this requirement,

The design of special anti-aireraft rockets had been started in
many countries as early as the 2pg World War. Initially, these involved
reaction=-thrust projectiles without automatic control systems, these
projectiles capable of carrying large charge loads very rapidly to
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their targets. Detonation was accomplished by means of radar fuses in
the proximity of the target. These initial designs were superceded by

antl-aircraft rockets equipped with automatic control and guidance syse
tems.

launching sie fér the
Terrier rockets aboard the US Navy
cruiser Canberra,

The range and 2ltitude of anti-aircraft rockets considerably ex-
ceed those of conventional anti-airoreft artillery. The electronic
equipment used in the target-seeking heads and the great flight speeds
of the antiairoraft rockets make it possible not only to operate
against enemy airemft but aiso teo mintain a defence capsbillty
against guided mﬂ "

From the QMM gatissireraft rockets are classified
as ground-sir or @ o8, Antiaairoraft rookets are used
aboard & wide renge of ehip cladpss.

Anti-airoreft rookets eshibit ozcellent asrodynamic properties
which permit of high flight veloseities. The electronic equipment of the
target-seeking heads and the néneontact fuses automatically g;tomtc
the explosive charge in the preximity of the target.

Anti-aircraft rockets are launched from special launching sites
which are mounted aboard sailp deck. The launching sites are fitted out
-6 o
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with guide rails by means of which the rockets during the launching
procedure assume the required initilal direction. In addition, the
launching sites are provided with the technical faciliities for loadinr,
alming, and stabilization. It is the function of the stabilization face
1lities to eliminate the pitch and roll motions of the ship 1n order to
facilitate the launching and guldance procedures. The elevation and
traversing mechanisms are similar In desigh to tne elevatlon and tra-
versing equipment of [conventional] anti-aircraft weapons. The launching
sites are aimed automatically on the basis of information recelved from
the fire -control installations.

Unlike the situation with artillery weapons, in the case of the
launching sites there are no recoll forces and for this reason the
foundations must not be constructed as stably as otherwise. The launch-
ing sites may be provided with a single gulde rall, although there are
versions with two and four rails. The gun mount for the launching of
rockets 1is executed in the shape cf a cylinder, the pivot bearing
mounted in the upper half of the aylinder. This half can rotate through
360% T gun mount 1s connweted rigidly to the foundation, The trunni-
ons seated in the pivet ﬁtﬁ?&ati "N“~¥hﬂaln&do ralls (Fig, 28).
elevation and travereing shanions m-m rotation of the upper half
of the gun mount and for the uhﬁm of the guide ralls are housed in
the gun mount, as are a1l of the scables. The maximum elevation of the

guide rails amounts to 90’. T™e rooket magegine is situated beneath the

launching installations; the rockets are raised by means of elevators.
During the loading proocedure the guide rails are raised into vere

tical position and are then positioned perpendicular to the elevator

shafts. The lower portion of the guide rails is wedge shaved and as

they snap into position the covering hatch of the elevator shaft is aus

tomatically opened, The advancing rockets slide into the guide rails to
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tbe top stopping block and in this manner assume the firing position
(F1;5. 29). Elther one or two rockets can be launched simultaneously.
Tests have demonstrated that the anti.
alrcraft rockets have assumed the leading
position in the aerlal defense of ships.
‘i The downins of the U-2 reconnalssance alr-
craft over the Soviet Union on 1 May 1960
demonstrated the superiorit& of Soviet an-
ti-aircraft rockets. In addition to the

positive characterlstics, rockets naturally

also exhibit a number of shortcomings.

Rocket guldance systems may be subject to

i ]
lt.”:; B g o interference on the part of speclal sta-
Flg. 29. Dual launche tions. The rate of fire is none too great
ing site in loading
position. The Terrier and restricts thelr utilization, particu-
rockets are taken from
both sides of the larly in the case of the sudden appearance
shafts and inserted ine
to the guide rails, of loweflying aircraft and rockets, In this

case the conveptional anti-aircraft artillery comes into action and
serves to overcome this drawbaok. At the present time there exist a
variety of guidance systems for rockets. These include programmed, re-
mote=contrclled, target-seeking, and comdbined guidance systems.

In the case of programmed guidnnoc, the rocket 1s guided to the
target in acoordance with a predetemmined program. All instruments pro-
vided for guidance purposes are housed directly aboard tle rocket,

In the case of remote-gontrol guidance, however, commande are is-
sued to the on<board instruments from a control center situated outside
of the rocket,

In the case of target-seeking guidance, the target-seeking heads
ensure the exploitation of heat, radar, optical, or similar target cone
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trasts. In order to achieve a significant increase in hit probabllity
on the part of the rocket, target-seeking guidance [homing] 15 generalas
ly employed in the last phase of the flight.

Combined guldance consists of a combination of the above-mentioned
systems (e.g., programmed and homing guidance, or remcie-control and
homing guidance). In the case of anti-alrcraft rockets it 1s the remote
control and homing guldance systems that are generally encountered.

In the case of a remote-control system, the simplest system is
command guidance. The operator keeps the motions of the rockei and the
target under observation, transmits certain commands to the rocket by
means of radlio and these are received by the receiving unit of the
rocket. The control surfaces are actuated correspondingly by means of

power drives and the rocket 1s gulded to the target (Fig. 30).

Fig. 30. Command guidance system,
1) Target track radar; 2) command
1ink; computer; 4) missile
track radar,

When using command guidance, missile track and target track radar
units are put into operation and on the basis of the information sup-
plied from these the velocity, altitude, and heading of the target can
be determined, and the required guldance signals can be worked out,
However, only a single rocket can continuously be guided toward a tare
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Fig. 31. Beam-rider guidance. 1) Missile
track radar,

get with this system, thus significu.tly reducing the probability o.
hitting the target.

Another guidance procedure for anti-aircraft rockets involves tne
continuous and automatic maintenance of the rocket in the radar beam or
a radar station. The target 1s continuously tracked with this narrow
radar beam. The radar station thus serves the double function of track-
ing both the target and the rocket as well as guiding the rocket (Fig.
31). The on<board instruments prevent the rocket from leaving the radar
beam and thus guide the rocket to the target. The advantage of this
procedure lies in the fasct that the redar beam may be employed simule
taneously for the guidance of seversl rockets to the ta:get, thus s -
nificantly reising the probability of hitting the target.

Target -seeking [homing) ensures high probability of hit, even
against small targets executing evasive mansuvers,

The homing procedures can be subdivided into three forms, i.e.,
passive, active, and semiactive.

Passive homing [target seeking] involves a procedure in which the
homing head of the rocket is set to react to & certair target contrast,
This may be based on heat, electromagnetic waves, light, or some simi-
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lar contrast. The angle between the direction of rocket motion and the
bearing to the target is determined in the homing head, and by meanc of
corresponding control-surface variations the rocket independently 1is
gulded toward the target contrast.

The active guidance system is based on the exploitation of the ra-
dar principle. A miniature transmitter is built into the rocket and
this emits electromagnetic waves in a clearly defined sector. Should
targets appear in this sector, the reflected signal 1smpicked up Ly a
recelver in the rocket and thls receiver correspondingly serves to ac-
tuate the control surfaces and thus guldes the rocket to the target

(Fig. 32).

Fig. 32; Active haming guidance.

Semiactive haming guidance also relies on the utilization of the
radar principle, although in this case the rocket is fitted out only
with a receiving unit, The emission of electromacnetic waves is the
function of the radar unit provided for this purpose atoard the ship.
The reflected signal is picked up by the recelving unit in the homing
head, The rocket receiver serves to actuate tne control surfaces and
guides the rocket to the target, Anti-aircraft rockets carry large demo-
litlon caarges which are capable of completely destroying any aerial
targets. According to information from the press, in the United States
the anti-aircraft rockets of the Terrler and Talos type have proved
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themselves + ) be the most suitable. Aircraft carriers, cruisers, dese
troyers, a. Jd speclal air-defensc ships are equipped with these rockets,
for purposes of ccnvoy duty.

The slant range of the Terrler I rocket is 25 to 30 km, the maxi-
mum altitude 1is at around 14 kmn, and the reports indicate a velocity of
700 m/sec. The Talos antli-aircraft roccket exhibits a slant range in ex-
cess of 100 km, a maximum altitude of 21 to 23 km, and a flight veloci-
ty of up to 1200 m/sec. This rocket can be fitted out with a nuclear
weapon and 1s not intended for operations against aerial targets, but
rather for combat operatior.s against ground and large surface targets,

Modernized versions of the aforementioned rockets, such as the
Terrier II, the Talos-W, and the Talos-L have already come into belng,
and these exhibit greater range and velocities. The culdance of the
Terrier rocket 1s of the beam-rider variety and involves homing guld-
ance at the terminal phase of the flight, The rate of fire amounts to
2 rockets per gulde rail per minute. The rockets are launched by means
of a 20lid rocket which is Jjettisoned after 3 seconds. The continued
flight is powered by the sustainer engine. The detonation of the war-
head is carried out by means of a noncontact fuse.

If the developmental work toward increasing range and maximum al-
titudes for antiaireraft rockets is proceeding on the one hand, par-
ticular attention is being devoted to the development of anti-aircraft
rockets for operations against low-flying targets.

Ships are being fitted out with the Sea-Cat anti-aireraft rockets
in Great Britain, these roeckets being small and suitable for operations
against low-flying aerial targets (Pig. 33).

These rockets consist of a booster and a sustainer engine. The
rockets are 1473 mm long and the wingspan is given as 635 mm.

Command guidance is used for the Sea-Cat. The operator, by means
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Flg; 33. Seaslug fyp anti-aircraft

rocket (similar to the Sea-Cat) after

launching.
of an optical system, determines the position of i1he taigcet upon re-
ceipt of the target indicatlor.. After the target tecomes visible, the
operator launches the rocket and by means of commands gulues the rocke*
toward the target; in this case, the rocket must be kept continuously
along the line of sight. To facllitate observation, the rocket is pro-
vided with a tracer composition. If the target cannot be viiually de-
tected, only a radar unit can be employed for purposes of acqulsition.
The operator then follows the radar pulses of the target and rocket,
aligns these, and guidec the rocket to the target.

Each firing installation has 4 rockets which, however, can only be
launched successively and gulded toward the target. The limited practi-
cal sightirg renge restricts the utillzation of *he Sea-Cat antl-alr-
craft rockets, since no more than two launchings can bve carried out
sgainst faet-flying aerial targete.

The general trend in the development of anti-aircraft rockets 1s
toward enlargement of range, flight velocity, probability of hit, and
effectiveness at the target.

Effectiveness at the target 1s to be ralsed through utilization of

nuclear weapons. Accordingly, American speclalists are of the opinion
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that nuclear weapons wilth a TNT equivalent of 800 to L000 Mp [sic) are
sultable for rockets of the ground-alr class, since with such a weapon
an entire bomber group, even in wldesprcad formation, could be des=
troyed.

COMBAT EXPERIENCE IN UTILIZATION OF AERIAL COMBAT FACILITIES

During the 2nd World War the air forces were used on a large scal:
at all fronts and by all navies to accomplish a gre;t variety of opers-
tions. The air force proved to be the dominant force, and carried out
unanticipated strikes against targets lyirg deep behind the enemy line:

The air force destroyed military ports and important rear targets.
The 2ir force played a great part in the number of ships sunk on the
high seas and in harbors.

As a rule the capitalist countries, as soon as they had adequately
strong alir forces at their disposal, began to conduct the war with aer-
ial attacks. It should be stressed in this case that combat ships have
always been the main targets for aerial attack. The attacking side al=-
ways sceeks to inflict losses against the enemy naval forces in order to
rain naval superiority, thus to achieve from advantageous conditions
for operations on the land, The 2y World War and the Great Fatherland
War abound with examples demonrirating the importance of the organiza-
tion of air defense for ships and dbases.

 The successful aerial attacks of the British Royal Air Force
against the Italian military port ac Taranto in November of 1949, at
which time 3 Italian battleships and 2 cruisers were destro,ed, the
Jananese air attack against Pear) Harbor in December of 1941, and the
sinking of the English battleship Prince of Wales and of the battle
sruiser Repulse can be attributed to the exploitation of the element of
surprise and to the excessively long time required for the attainment
>f combat readiness on the part of the air-defense facilities of these
-Th =
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ships and bases.

An extremely instructlive examplc for puor alr-defence oricarilzatlon
at 1 hase and the ships harbored within lc offerced by tne zctlounc of
the American Navy at the time of the Japanesc air attack agalnst the
naval base at Pearl Harbor,

On the eve of Japan's entry into the war, the American hi:;'h com-
mand, 1in recognition of the Llmportani role of tie Hawallan Islands, rce-
called the Pacific Fleel. Pearl larhor was chosen as the home bace of
the fleet. This decision resulted In a high concentration or' corrat
ships and auxiliary vessels in Pearl Harbor. As a result, < battlechinc
9 crulsers, 20 destroyers, 5 submarines, and auxiliary vessels were
concentrated at the base at the same time,

The moorings of the ships were totally lnadequately trom the
standpoint of alr-defense requirements. The ships were not decentral-
1zed., Seven battleships were moored at the docks in doutle rows and
thus offered convenient targets for an alr attack. The moorings were
maintained for long periode of time and were not changed. Thus the Jape
anese high command had eiact information at its disposal with respe:t
to the number of ships and their positions,

There were sufficient air.defense facilities on the island of Czhu,
where Pearl Harbor is situated, but because of a lack of uniformity !:
the orders that were issued it was imposslble to organlze the elfcct:ve
coordination of these facilities., Although Information regardlng the
readying of a Japanese air attack against Pearl Harbor was at hand,
aerial reconnaissance was conducted o1 a limited scale and the comtat
readiness of Lhe alr-defense faclliti.s of the naval base and of the
ships stationed there was organized completely inadequately.

The events which took place on 7 December 1941 at Pearl Harbor are

described as follows in the book entitled "The American Aircraft Care
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riers During the Pacific War" by Sherman:

The Tth of December, 1941, vas a Sunday. The officers and men wer
contemplating how best to take advantage of this resort area. The regu
lar watch was on duty at the base and aboard the ships; a number of an
ti-alrcraft wespons were staffed with skeleton crews. A great portion
of the ammunition was stored in the magazines and was not available fc
immediate utilization. The morning role call was about to start aboard
the ships and for reasons of convenlence the sallors had opened a num-
ber of watertight bulkheads and hatches. As usual, the call for the
morning formation was given at 07:55 AM. It was at this time that u:. -
ldentified aircraft appeared over Ford Island which lies in the center
of the Pearl Harbor naval base, Within a short time additional aircraf.
appéared unexpectedly from all directions. Without delay the aircraft
began to release bombs and torpedoes against the heavy ships at anchor
at the docks or buoys. The individuals witnessing these events were un-
able to believe their eyea. Ten alvcraft dived against naval-aircraft
targets on Ford Island, While these e'ployed normal combat tactics in
attacking the aircraft standing on the runways, other aircraft were at-
tacking the shipe,

The Japanese high commind trailed the target in order to inflict
the greatest possidle losses on the American Pacifioc rizet and in order
to prevent their own losses 50 ap to have superiority over the scene of
naval operations. In order to prevent their prematurs detection, the
Japanese decided to employ a grouping of & small fast airoraft carriers
with extremely well trained oresi 1:: order to ensure the success of the
extensive air attack. The Japanese were thus successful in taking full
advantage of the element of surprise.

The first strike of the Japanese air forde was uirected against
the airfields and anti-aireraft batteries of this naval dbase, and sud-
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Fig. 34. Pearl Harbor after the Japanese alr attack on 7 Decerto.r 1941,
In the foreground, the burned out hulks of the destroyers Cassin and
Downes, in the background, the damaged battleship Pennzylvania,

sequently the Japanese high command concentrated the strikes agalnst
the ships lying in Pearl Harbor. The attacks were carrled out primarily
by aircraft groups, with approximately 2 to 3 alrcraft deslgnated for
each ship., The torpedo aireraft approached at low altitudes below 500 r,
with div~> bombers and bomber aircraft attacking simultaneously. With
the first attack, a number of batileships suffered cne cr more torpedo
hits. The dive bombers showered the heavy ships witr. tombs, Between the
first and second attacks, flights of alrcraft went into actlon from
four directions.
To ensure success, the second and third strlket were carrled out
with a great nurber of aircraft, the third strike endins at 10:00 hours.
In order to conceal the position of the alrcraft carriers, upon
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completion ~f their assignment the aircraft flcw off in various direce

tions,

AS a result of thils alr attack the American navy suffered signifle
cant losses (Filg. 34). Four (4) battleships were sunk, as were 2 dese
troyers, a mine layer and an old battleshlp that was belng used as a
target vecsel. Serious damage was inflicted on 4 battleships, many
crulsers, and destroyers. The Navy and Marine Corp suffered losses of
2835 men, including 20ou dead. The Army lost 600 men. Moreover, 92 air-
craft of the Marine Alr Corps were destroyed and 31 damaged; the Army
suffered losses of 96 aircraft,

The great losses can be attributed tc weak organizatlion of alir de-
fense and to the poor level of training for the artillery personnel,
since defense operations against small alrcraft groupings by means of
anti-aircraft fire on the part of battleships and cruisers should not
have permitted the iInfllicting of such high losses. The Japanese losses
were insignificant, They amounted to 29 aircraft, one submarine, and 5
m?!izet submarines.

An example of poor air-defense organization on the open tea 1s the
sinking of the English battleship Prince of Wales and of the battle-
criiser Repulse by the Japanes® Air Force on 10 December 1941, as these
ships were to undertake operations in conjunction with ground forces
along the Malayan coast. These were the first battleships that were
sunk during the course of the 2nd World War. The air force was operat-
ing independently in this nase and the ships were under way in full
combat readiness.

The Prince of Wales was a modern battleship displacing 35,000 tons,
The ship was heavily armored, carried ten 356-mm weapons, and a large
number of antli-aircraft weapons. The cruiser Repulse was armed with
380-mm weapons and with heavy anti-aircraft artillery. In total, the
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crulser had 90 antil-alrcraft barrcls at its dlcposal.

On the morning of 10 December 1941 one of the four flanking det -
troyers spotted a squadron of 9 alrcrart at an altitude of %000 mecter:s,
moving in from the south-east on the port silde. Without deviating from
thelr course, these alircraft attacked the ships at 11:20 hours. Desplte
the timely detectlon of the targets, the antl-aircraft wveaponc delayed
opening fire, and this naval squadron had abcolutely no [i;hicr cccort.

With the first approach fhe crulser Repulse suffered a bLomt hit
and burst into flames. After the bomuers had attacked, the fLorpedo al:-
craft followed., One torpedo struck the stern and Infllcted serleuc dam-
age to the rudder installation. Within a short period cof time another
group of torpedo alrcrafi appeared and th'.s group atrackea the rattle-
ship Prince of Wales and infllicted a number of additional hltc on ihlc
ship. As a result of shipped water the ship started to list heavily. A
third torpedo finally ripped the stern away and elimlnated completely
the abllity of the vessel to execute evaslve maneuvers,

Despite the heavy antli-a.reraft fire the torpedo alrcrait contine-
ued thelr attack and climbed rapidly after releasing thelr torpedoez 1
order to get out of the artillery range. The last torpedo strike which
criprled the Prince of Wales virtually converted it into a target ship;
after a number of &dditional bomb hits, the tattleship keeled over. At
the same time the cruiser Repulse was struck by torpedoes on both sidec
and sank soon thereafter,

The Japanese employed simple attack procedures in this operation,
but nevertheless the anti-aircraft fire was opened late, A number of
aircraft were able to drop their bombe or release thelr torpedoes bee
fore the start of the anti-aircraft firing. This resulted in favorable
conditions for the following aircraft groups,

The cited examples show that at the bteglnning of the 2nd World War
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the Americans and British underestimated the utillzation of air power
at sea.

The Great Fatherland War 1s rich 1n examples of alr defense,.

The high level of training and the watchfulness of the antl-alre
craft troops made it possible successfully to frustrate the initlal alr
attacks of the fascist air force against Murmansk, Kronstadt, Odessa,
and Sevastopol by means of the alr defense facilities of the Navy.

At the beglinning of the war ithe fascist navy was extremely active
in the Baltic and Black Seas, and ln addition the fascist submarines
and surface vessels were operating in the BarentsSea. These clrcumstan-
ces hindered the deployment of Soviet combat shlps and made 1ife at t:e
bases difficult. Ships and bases were contlnuously subjected to enemy
alr attacke.,

The fascists set themselves the goal, durling the very first days
of the war, to destroy the naval power through extensive air attacks.
They inflicted heavy strikes against bases, bombarded harbor installa-
tions, plers, arsenals, fuel depots, and other rear installations im-
portant for the fleet, and slso attaocked convoys on the open sea,

Alr defense required precise organization, It functioned in excu-
plary fashion during the treanafer of ships from Tallinn to Kronstadt 1in
August 1941,

During the Great Fatherland War a large part of the Baltic Fleet
was at anchor in Tallinn and supported ground operations by artillery
fire, thus delaying the entry of the fasoists into the capital of Es-
tonia. Because of supsriority in terms of strength and facilities, the
fascists were able during the first half of August to reach the coast
at Narva and thus to surround Tallinn by land. The ships as a result
were éebarated from their own ground forces. The north and south coasts
of the Gulf of Finland were in enemy hands. The fleet no longer was in
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possession of the airflelds at which the naval alr forces were pree
viously stationed. In view of this slituation approximately 200 ships
and transports were given orders to break through the Kronstadt. This
was an extremely daring operation.

Taking advantage of their alr superilority, the fasclsts attacked
the ships continuousliy, from the very first days of the Lransfer opera=-
tion, and showered the ships with bombs. The entire burden of the bat=-
tle was on the shoulders of the ship artillery forces who had to repel
more than 10 alr attacks daily. It was primarily the combat shlps that
were subjected to alr attacks, e.g., the flagshlp, the Klrov. On 25 Au-
gust 1941 this ship was attacked eleven times, once simultaneously by
approximately 50 aircraft. On this day 136 bombs were dropped on this
ship. By outstanding maneuvering and with effective artillery fire the
crulser was able to withdraw despite the attacks of the fascist air
force,

The convoy, which consisted of transports and auxlllary craft, had
a particularly difficult day on 29 August. While the combat ships had
extensive anti-aircraft weaponry at their disposal, well organized air
defense, and exhibited relatively high speeds, eo that they were able
to accomplish the trt"iuQOU"fﬁQXY. the slow moving transports and
auxiliary ships on the other huad, ﬁhrt only poorly armed, and for
these the trip was partioularly difficult and dangerous. The fascist
air force trailed these slow soviet ships throughout the entire 29th of
August.

As a result, for example, the training ship Leningrad Soviet was
subJjected to 100 air attacks, but it was not struck by a single bomb,

The transport vessel, the Kazakhstan, repelled the air attacks of
the enemy throughout the entire diy and although it had lost power the
daring and energetic actions of the crew made 1t possible to extine
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guish the fires that had been set and to repair all damage.

On the Gotland-Kronstadt leg, the ships and the tranapurt vessels
picked up the fighter escort of the Navy Air Force. As a result, the
fascists ceased any further action against the convoy. On 30 August the
ships and transports reached Kronstadt.

The enemy sought to penetrate the clty and his operations 6n the
Zround were closely coordinated with his strikes against the shius of
the Baltic Red Banner Fleet. In the short period of time from 21
through 23 September 1941 the enemy sent 400 aircraft against the city
of Kronstadt and against the ships at anchor in the roads.

The battleship, the October Revolution, during the months of Sep-
t{ember through October 1941 withstood more than 30 massive attacks.

The first fascist air attack against Sevastopol failed. As the
fascist ailrcraft approached the vicinity of Sevastopol, they were sure
prised by heavy anti.aircraft fire from the combined facilitles of the
anti-aircraft artillery of the navy base, The fascist aircraft could
not make out the ships and targets of the dasc because of the excellent
camouflage. The alroraft dropped their bombs without aiming and a num-
ber of the aireraft failed te mﬁ their targets at ail,

However, the omum in % m Ses soon underwent a temporary
change. The faseists m««ﬂ la ‘taking & portion of the coast and the
Crimean Peninsula. Odescs, Sevastepol, and & number of other cities
along the Black Sea were besieged by land. The supply of weapons and
equipment, as well as other military goods, thus was only possible by
sea. The Naval High Command implemented all measures in order to supply
the besieged cities with personnal and material from the Caucasian
coast and to evacuate the wounded as well as the civilian population.

The fascists employed approximately 1000 airoraft of various typer
from the Crimean Peninsula against tne ships of the Black Sea Fleet,
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- including special alrcraft for operations against naval tariceic, Under
these circumstances, the artlillery personnal aboard the ships bvore an
extremely great responsibility. A} the end of Decemher of 1941 the
Black Sea Fleet carried out landings In the port cltlec of Kerch and
Feodossiya. The crulser Red Crimea and Red Caucasus participated in the
landing Feodossiya. Early on the morning of 29 December 1941 the crulce
er Red Caucasus tled up at the outside Jetty of Feodosslya under enemy
artillery fire and dlisembarked the landing fbrces. The crulser Rced Crie
mea on the other hand disembarked 1ts landing troops by means of lande
ing s.ips and barges.

After the landing forces had been disemtarked, the c:rulsers moved
on to provide artillery support.

With the coming of dawn, the enemy alr force went into action, and
attacked the ships continuously, with brief intervals. The air attacks
continued throughout the entire day, lasting until the onset of darke
ness. During this perliod the cruiser Red Caucasus was attacked fourteen
times, while the cruiser Red Crimea was subJected to eleven attacks.
Through outstanding maneuvering action and intensive artillery fire the
ships were able to evade the bombs. Because of thelr courage and resis-
tance, and in view of thefr high level of training, the crews carricd
out the assignments of landingdisembarkation and support without per-
mitting any serious damage to their chips.

The voyage of the flagship Tashkent on 26 June 1942 from Novoros-
sik to Sevastopol during the last days of the defense of this city
represents an excellent example which demonstrates the difficult cond! =
tions under which combat. operations were carried out against the enemy
alr force at sea, Despite the continuous air attacks during the .ovage,
through maneuvering and intensive anti-aircraft fire the ship was able
to repulse the air attacks and to supply the city with 1000 troops and
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important war materiel. After having taken on 2000 wounded, the ship
left Sevastopol on the night of the second day. In a period of four
hours 86 aircraft attacked the ship. Outstanding valor and mastery of
technique made it possible for the crew to carry out its assignment,
The antl-aircraft gunners loreced the enemy through their intcense fire
to break formation, disrupted a directed bomb release, and downed a
number of enemy aircraft. The assignment was carriled out with honor.

In order to reduce the effectiveness of the enemy alr attacks, the
ships and transport vessels of the Black Sea Fleet laid down smoke
screens.

The alr power of the Black Sea Flcet attacked the fascist alir-
flelds and other important targets, thus reducing the capabllity of the
enemy to carry out bombing attacks against ships at sea.'

The herolc behavior of the battleship Sevastopol, of the cruilsers
Red Caucasus and Red Crimea, the flagships Tashkent and Kharkov, as
well as of a number of other ships of the Black Sea Fleet represents a
glorious page in the history of the soviet fleet.

During the time that the soviet lrttilerv was engaged in bitter
combat with the enemy air foroes in the Baltic and Black Seas, their
brothers in combat in the Fer Nerth were successfully repelling the
fascist air attacks against the naval forces in the Barent Sea and thus
secured the sealanes for the Allied convoys.

The convoys rep .sented an excellent target for enemy attacks on
the high seas and particularly during unloading operations. The Arctic
Fleet did a terrific Jjob in defending its own transports and ships as
well as those of the Allies against air attack. Outstanding knowledge
was demonstrated by the artillery personnel of the cruisers Gremyashi,
Sokrushitel 'nyy, Kuybyshev, and Urutski during convoy duty in the Yel-
low Sea.

-8} -

TR e w Ry e g o e PE R T



On the morning of 18 September 1942 the destroyer Gremyashi spote
ted a group of torpedo aircraft on the horlzon, approaching in low-leve
el flight. These alrcraft attacked the corvoy from the rear. At the
same time, the convoy was attacked by bombers. The ships opened flre
with all weapons, including the heavy caliher weapons. A total of 35
attacks were repelled, and the destroyers snot down 5 alrcraft and dame
aged 4. At the same time, 15 English shlps, also prescnt 1n the convoy,
destroyed 10 cvnemy alircraft.

THE ORGANIZATION OF AIR- DEFENSE ABCARD COMBAT VESSELS UNDER CCIDITICNS
OF MODERN WARFARE

The extensive development in the facilities of aerlal attack leads
to a continuous rise in the potentials of employing thece facilitiec
against naval targets. The air force today 1s in a position to execute
the greatest varlety of assignments and can, at the same time, achleve
significantly greater results thsn were possible during the 2nd YWorld
war.

The constant danger from the alr requires the utilization of sub -
stantial means of 2ir defense aboard ships in order constantly to en=-
sure the readiness of ships for air defenée. More modern air-defense
facilities are constantly being developed and new protective measures
provided for the secure defense of ships against aerial attack. Alr de-
fence todasy 1is regarded as one of the most important means of defense.
Proceeding from the combat potentials of the means of aerial at:ack, 1t
1s the opinion in the capitaliet lands that air defense of ships at sea
under modern conditions must carry out the following tasks:

the execution of preparatory strikes against the alr ractlities cf
the enemy and his carriers;

prompt detection of aerial targets;

combat with aerial targets by means of antli-aircraft rockets and
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conventional anti<alrcraft artillery;

employment of actice interference;

and the decentralization of navél vnite, as well as constant
change of position.

Pursult alrcraft are drawn into the alr-defense system, and these
can te deploved from alreraft. carriers or fixed positions; in addition
use can be made of antl-aircraft rockets; the anti-aircraft artillery
of shlps and bases, and finally of radar facilitles.

The radar facilities have the function of detecting the aerlal
tarcets of the enemy promptly, L0 recognize same, and to keep them ur-
der observaticn. In addition, the radar facilltles are extremely lmpor
tant for the guldance of interceptcers to the enemy targets.

The pursult alircraft included in the alr-defense system of ships
at sea are to be regarded as the primary striking force, These alrcrait
must constantly be ready for utilizatlion and must be capable of opera-~
tions at all altitudes., The intsrception and destruction of enemy aire
craft and rockets is carried out by so-oalled interceptors that can be
rulded to the enemy from ships or from special aircraft. The intecrcep-
tors exhibit extraordinarily u#bit velocities., These aircraft are fit-
ted out with automatic redar equipment., The interception procedure bee
comecs automatioc as soon as the interceptor has been guided sufficlently
cloze to the target.

If the situation -.alls fcr such an opsration, a so-called aerinlv
alert can be organized cvepr ships at sea at various altitudes. This op=-
eration 1s employed when there is a possibility of an unexpected aerial
attack. The aerial alert operations are so set up that the aircraft can,
In shori order, be formed tc meet the enemy at the point from which he
ls 1ikely to strike.

The deployment of pursuit aircraft 1s greatly dependent on weather
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conditionz, and the mancuvecrablllity of the pursult 15 llmlted beecaucc
of the great flight veloclitles and these alrecraft cannot therefore Le
employed at all times to protect Lhé cships agjalnct aerlal attack, For
this reason it becomes necessary to include other iaclillitles In the de-
fense system, and we have reference here to such weapons antl-alrcraft
rockets and conventional antil-aircraft weapons. AL low altltudes the
utilization of conventional antli-aircraft weapong, primaril, of auto-
matic weapons, 1s more advantageous than the utlllzatlon of pursult
aircraft. On this basis the air defense must always bLe orgsanlzed zo
that the air-defense facllitles can always be emplojed wltili the ;rea* -

est effect.
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Fige 35. Effective alredefense .ones.
1) Effective zone (W.Z.) of pursuit
aircraft; 2) effective zone of anti-
aireraft rockets; 3) effective zone
of anti-aireraft artillery,

The automatic weapons are to be used primarily for operations
against low«flying and low.attaocking targets that endanger the ship in
its immediate viecinity., Of course, anti.ali.raft weapons can alsc be
used for targets at altitudes between 12,000 and 14,000 meters, al-
though the combat potentials in this case are excecdingly limited. The
anti-aircraft rockets are superior in range to the conventiomnal antl-
aircraft artillery. For this ‘2a3on the former are also used against
distant aerial targets, and namely in ah effecti?é zone having a radius
in excess of 50 km.

As a rule, outside of this zone it 1s the pﬁreuit aircraft that
come into operation. On the basis of the combat potentials of the in=-
dividual alr-defense facilities, we therefore distinguish the following
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ones of the air-defense system:

the effective zone of treanti-alrcraft artillery;

the effective zone of the anti-alrcraft rocketc;

and the effective zone of the pursuit forces (Fig. 3t).

This subdivision is necessary sc as to prevent the mutual inter-
erence of friendly forces and facilitles in the defense system.

It follows clearly from the aforesald that the air defense under
mditions primarily requires good organization of cooperation among
1l air-defense forces.

The deployment of defense facllities available to cships must be
sordlnatus precisely with the operatlions of the pursult forces. The
tl-aircraft artillery of ships in coastal or base areas must operate

coordination with the ground-based air-defense forces.

The prompt detection of aeria. targets and recognition of “he lat-
r becomes particuliarly important, because the prompt ectablishment of
mbat readiness on the part of all forces and air-defense facilitles
pends on this, Moreover, the defense units should be informed of the
ture and features of the approashing targets, since the proper selec-
on of targets also plays ¢5 ,f7i\
on of the attack.

One of the most important observation facilities used aboard ships

" ﬁ% role in the successful repul-

the afore-mentioned radar unit. These units, however, exhibit only
latively limited range and leave but little time for the readying of
: defense facilities of the ships. The lower the altitude at which
» air targets are approaching their goal, the greater the 1imitatlons
>osed on radar range. In order, nevertheless, to detect enemy air
'geta promotly, to recognize these, and to forwarn the ships, special
"ps and aircraft are set up for purposes of distant early warning, {i.
., the so-called radar outposts.
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Radar-equipped aircraft are in a position to keep a lare area une
der observation and contributc to a significant expansion of the tlime
between the detection of the target and the actual attack. The radar
outposts must be set up so far in advance of the site belng protected
that on the one hand the ships can be warned in sufficient time to pre
pare their defense operations and on the other hand to provide cuffl-
cient time for the launching of the interceptors and to be availlable

for the guidance of ithese aircraft to the target.
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Fig. 36. Aerial-target detection
ranze. 1) Firing zone.

The required detectlon range 1s calculated on the basls of ihe

following formula:
D=V .t + &imi;

V, 18 the velocity of the target [m/sec)s t 1s the time required in or=-
der to prepare the defense facilities of the ships (in secondc) [sec];
d 1s the horizontal reange for the ziven caliber as a function of tarcoi
altitude [m],

The time t 1s oomposed of the following periods of time (Fig. 36):

ty is the time required for the preparation of air-deferise fa=-

cilities;

ty is the time required for the readying of the first salvo;

t3 is the flight time required in order to cover the over-all
range.

On the basis of information contained in the foreign press, ap-
proximately one minute 18 required for the launching of an anti-aira
eraft rocket and for the preparation of the necessary materials, Aps
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proximately 30 seconds are needed for the preparation prior to firing,

and 30 seconds is the flight time.

Since the situation in the alir undergoes extremely rapid change,
the guldance of the forces and air-defenses facllities (on board as
well) must be automated. Until very recently a large number of obser-
ver and signsl personnel were required for the transmission of informa-
tion and commands. The present level of development for electronic
units makes 1t possible to automate many parts of the process, thus
achieving considerable savings in time and labor. The over-all process
of target observation and recognition, the evaluation of the aerial
situation, and the transmission of corresponding 1initlal data and in-
formation to the alir-defense facilitles can today be completely automa-
ted.

Alert stages are set up in order to maintain continuous combat
readiness. Depending on the alert ordered, the actlion stations are
manned either completely or in part. During the course of normal dally
duties, of course only a portion of the available personnel and facil-
ities are avallable for immediate commencement of fire, For this reason,
the rapid manning of all action stations in response to the appropriate
signal 1s of great importance in obder to make the ship completely
ready for air defense in ‘he shortest possible period of time.

The expansion of the range for air.defense facilities led to a
change in the altitudes at which air weapons can be employed. Until
very recently the maximum altitude ceilings for the utilization of air
combat facilities were regarded as effective, whereas at the present
time the minimum altitude ceilings are regarded as the most effective
altitudes of cperation for air-combat facilities, since in this manner
the detection of targets is hindered and thus the interception and des-
truction of such targets is made more cifficult,
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By means of preparatory strikes against enemy rocket launching
sites, airf'lelds, and carrier facilitles it should become pocsible very
rapidly to attain air superilority and thus to ensure favopableAcond1~
tions for alr defense. It 1is the primary responsibility of the air
force In this case to sink ships mounting rockets and alircraft carrlers,
whereas the responsibility of the pursuit-alrcraft forces 1is defined
particularly as the destruction of such enemy alrcraft as are equlpped

with rockets. -

1 The military speclallists 1n the
Fhgrevg- .
T funkmedrorposton West are of the opinion that rocket-
.;wngsn ne ﬂéJd
w equipped surface vessels and sutmarines
‘¥~\gm@ﬁmm£;qrum——'1ﬂ' can contribute significantly to the ate

////,1§FEF?B;EQE>\\;< tainment of alr superiority by directing
5 o . their strikes agalnst rocket-carrying
D _ " vessels and aircraft carriers,
. In addition to the extensive utlle
! ization of active alredefense facllities,
the sucgess of the enemy air force can

be significantly diminished by maintaln-

Fig. 37. Possible versions

of combat deployment unde
NS mr sl oo g g 12 ing t“ secrecy of transport operations,

:&;:z:gz;f:g::tg“ﬁ 3,52 *. by taking camouflage into ~onsideration,

zone} 3) ship-radar cutpost)
4) distant defense sone; i) and by ochoosing an appropriate formation
proximity defense sonej 6

firing sectors of security
ghips.

for the voyage. As a rule, ships assume
a formation which precludes suceess on
the part of an enemy air attack, This formation is based on the attempt
to make certain that a single stick of bombs cannot strike more than Z
ships simultaneously, while still maintaining the capacity tc provide
mutual protection through multiple anti-aircraft fire, and without nege
lecting the conditions of 360° observation.
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The combat deployment should be such that the seecurity ships cire
cling around the object to be prctected form .ones of near and distant
defense (Figs. 36 and 37).

The purpose of the near-defense zone ls to defend against enemy
aerial targets that seek to attack the ships at great distancés. For
this purpose interceptors and anti-aircraft rockets are used. It is the
function to the near-defense zone fo destroy penetrating enemy rockets
and alrcraft. Anti-aircraft rockets and conventional anti-aircrafi wea-
pons are used for this purpose as well.

Depending on the organization of the combat deployment, a distant
ohservation zone 1s set up, as well as a 360° observation zone for eau::
individual ship. The security ships, 1n addition to the 360° observa-
tion, also set up a reinforced observation procedure in the established
firing sector for each given ship. The firing sectors of the adjacent
securlty ships overlap and thus provide defense agailnst enemy aerilal
targets which arc approaching from all directions through multiple an-
tli-airoraft fire. The ships for which security is being provided also
set up a 360° observation procedure.

Should it be likely that the enemy 1s using nuclear weapons, the
ships are moved apart in the femmation in order to preclude the simul-
taneous sinking of 2 ships with a single nuclear charge. Nevertheless,
in this situation the possibility of massed fire should still be main-
tained.

Since the enemy air force isina position very repidly and with
fewer losses thaa its fleet to attack bases and ports, it becomes nece
eszary to implement a number of measures in order to provide secure
defense of the ships in the bases. The moorings in the bases must be
covered so as to ensure the most advantageous deployment of the air-de-
fense facilities of the ships and to preclude the simultaneous damaging
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of several 3hips with a clingle rocket or <tlick of bomi:i:,

The coordinated actlon of alr-defcnse faclllitics aboard ships and
at the bases must also be set np In a preclisely orianized fachlon. As
enemy rockets or aircraft apprcach a base, lnterceptors are ?lrct sent
into actlion to destroy these with conventional on<board wecaponc cr
rockets of the air-to-air class. If the enemy alr ‘arieis have penetrae
ted through the interceptor zone, anti-alrcraft rockets are ucsed
against the enemy. The antl-alircraft rockets exhii.lt a relatively nigh
probabllity of hit; the on-board explosive ls adequate tor total des-
truction of an aircraft. The primary drawback of the antl-giparaft
rockets involves the imposslbllit; of simultancously _ulain: a larre
number of antl-gaircraft rockets from a sinzle suldance statlon. 1t 1o
therefore pozsible, iInh the case of a massed atiack 1n =whieh “he sumber
of enemy alrcralt exceeds the simultaneously launched number of aatle
aircraft rockets, that a nwaber of ailrceraft will reach the desireci tare
Zete

It 15 also not out of the question that the aerlal targets 4111 tco
intercepted too late or not at all and that the fire dlrected at thecze
aerial targets with the &nttnniﬁQVItt vaakafa fatled in its puvposa. In
tais ocase the full dttlnae bffw
The previously considered tiv»dnttnlu orzanization for shipa 2% s2a and
in basaes doos not, in the npinlon of western sperialisis,compl:iely en-

,]ftlla on the anti-alreralft artillory.

sure the seoire de’ones qf the patantial taprgeta, parslealarl; 1 ta.
acrial tavzets are moving at supersoale veloclitles, For iLaese rrusons
1. 18 resvmmended Lo provide for lfaiapfierencs wl.n ihe enenr guldance
systems and to secure antimissile missiles.

Interference with guldance systems is achieved by means of radio
Jammers aboard the ships and aircraft or housed in defensive rockets,
Of course, passive interference means may also be employed, i.e,, metal
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foll ejected from aircraft, paint coatings that reduce the reflection
properties, and angled reflectors exhiblting high reflecting power.

EJected metal foll forms a natural impediment to the propagating
electromagnetic waves and can, in thls manner, affect a portion of the
ssuldance system.

The angle refleclors which are set up in the vieclnity of the site:
being protected form decoy targets which serve the function of misdl-
recting the rocketls from thelr actual targets.

In addition, artiflcially produced pressure waves can cause dama<s
to Individual instruments of the guidance systems and thus lead to a
deflectlon cf the rockets from their preset flight trajectories.

The problem of combating ballistic rockets is particularly diff:-
cult. In the opinion of American speclalists, thls problem is composead
of the following: the acqulsition, interception, and the destruction of
the ballistic rocket.

While operaticns against targets flying at subsonic velocities
were possible desplte great difficulties, defense agalnst ballistic
rockets poses many more difficult problems., In the opinion of western
naval experts and on the basis of information in the press, the problem
of operatling agalnst supersonic rockets has not been completely csouived,
since the acqulsltion of cuch targets ls partlcularly difflcult. This
difficulty 1s explained by the circumstance that the relative approacn
velocity between target and antl-airecraft rocket is extremely great and
as a result the over-all process of gulding the anti-aircraft rocket
toward the target must be automated.

Another problem that r..st be resolved involves the timely detona-
tion of the demolition charge of the anti-aircraft rocket. The existing
radar fuses do not always provide detonation at the desired time. For
thls reason it may occur that the attacking target can penetrate the
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Fig. 33. Posslble zone of L:alll"
tic-rocket lnterceptioﬂ 1) Insidc
boundary (30 km); 2) Intercepticr
zone; % outside boundary (800 km);
4) 800 km tralectory; 5) 3200 km
trajecory; c¢) 1600 ki trajectory.

detonation zone of the anti-alrcraft rocket 1in advance of thec detonaw-
tion of the latter.

Despite the great difficuities assoclated with the executlon of
guidance systems and fuses for anti-alrdraft rockets, much werk 1s
being done abroad on the design of defenslve measures agalnst rockets,
The "antimissile missiles" have teen bullt as the primary means of de-
fense against ballistic rockets, thece misstles exhi.iting extraordin-
arily good tactical flight characteristics. However, readll; deployatle
rockets of this type are available only to the Soviet Union, whilch nas
solved the problem of rocket defense. |

. The utilization of antimissilc miasilaﬂ—ﬂbqytrta. first of all, a
reliable distant detection system. In the opinich of western experts
the detection statiorns and antimissile-missiles must exhibit flight en-
gineering characteristics permitting the detection and destruction of
intercontinental rockets approaching at ranges in exceas of 159@ km, at
flight velocities of up to 7 km/sec and at altitudes as high aaizooo km.

The direction-finder stations in the distant detection systaﬁAmust

oe connected tu electronic computerz ir. order to calculate the trajecs
05 =



tories of the ballistic rockets and to determine thelir points of impac
in sufficlent time. The values determined in this manner are then
transmitted to the antimissile-missile guidance stations.

The last 700-80C km of the flight trajectory «f a ballistlic rocke
must be monitored with extreme care, since random or predetermined de-
viations may occur during this phase. The above-mentioned segment of
the trajectory is regarded by western experts as the extreme 1limit of
the acqulsition zone for baliistic rockets. The 1nslide boundary of .he
abquisition zone 1s defined by the minimum distance and altitude at
which the detonation of a nuclear charge camnot damage the zlte belng
protected. One generally assumes figures of around 80 km, with the ef-
1fect1ve range of a nuclear warhead generally assumed as 30 xm. Proceec.
ing from this, the antimissile-missliles must einibit a range of 120 to
160 km (Fig. 38).

The analysls of the combat characteristics of ballis.ic rockets
which have been made operational or are soon to beccme operational in
various count:'les leads to the conclusion that the launching of an an-
timlissiie-missile and the guldance of thils missile to the target cannot
'be permitted to 1nvolve a period of time longer than a single minute,
since otherwlse destruction becomes impossible,

The antimissile-missiles are designed as multistage rockets. Each
antimissile-missile may weigh as much as 5 Np [sie] and is fitted out
with special control and guidance units.

According to information contained in the western press the engine
must develop the required thrust within a period of 60 seconds during
the powered phase of the antimissile-trajectory (137 km), with the last
stage welghing only 45 kp [sic]. The contruction of the antimissile-
missile must be capable of withstanding a G force of 100 with & &uantn‘
redius of 38 km «nd an angular velocity of 9.2°%/sec.
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Nuclear charges with a TNT eq;i?alent of 20 kllotorc have been
proposed for the destructlon of intercontlnental rockets. This charge
should be sufficient to duma~c a balliztic rocket at a ulstance of 300
meters. “n the other hand, antimissile-mlssiles with nu<lear charges ol
20 Megatons ensure the destruction o!f ballistic rockets, the permiss!-
ble error in this case as high as 3 km. Because of the limlted -ilmen-
slons and weight of fhe last stage, the utlilization of nuclear warheads
is highly unlikely.

The antimissiles devecloped 1n America Iinclude the Nlke=Zcus arnd
Wizard types. The Nilke-Zeus antimissile-missile 1s curr<:tl - fhe moct
perfect development of the Nilke-Hercules antimlesslle-alrecral. rccket,
We can see from the available forelin press that tnhe Nike-Jcus antimlr-
sile-missile 1s a three stage rocket. The second ctage ls powered by a
liquid-fueleu engline, whereas the launch 1z achieved the means of =2
solld engine., Tne liquld engine 1lg glimbal rounted and control ic
achieved through Jet vanez. The third stage, which includes the warhead
and the homing device, 1s alsc powered by a sclld englne, au 1 the
first stage. The range of thia antimissile.misstile amounts to aoproxi-
mately 320 km.

The antimissile-missiles can be provided with both convernilcenal
and nuclear warheads for the destruction of ballistic rockets. The ve
locity of the antimissile-missiles 18 given as 1100 m/sec. Command
guldance is preferred as the juldance system. Proposals have been made
to use infrared homing devices, since ballistic rockets fly viriually
beyond the atmosphere and thus offer en excellent heat contrast,

In the case of Wizard antimissile-missile we are dealing with
a single-stage sol:d-propellant rocket exhibiting a flight range of ap-
proximately 1600 km. Boosters hav. been developed for these rockets to

make possiblc the interception o: tallirstis rockets at altitudes of up
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to 80C km. A nuclear charge can be housed 1in the warhead of the Wiza
antimissile-missile. This rocket 1s used with &:. extremely complicat
remote ~control system. An infrared homing head is provided for the t
minal phase of the flight of thils rocket.

!In the United States work 1s proceeding on several versions for
the deployment of Nike ~Zeus type rockels. The system intended for ro
et defense makes up the mailn version. This system encompasses three
dar-unit types (early-wrarning systems, recognition units, and target i
track radar units) as well as a certaln number of batteries for the
launching of the antimisslile-missiles.

The distant early-warning radar units are switched on after re-
celpt of certain signals and emit continuously in the direction of
ger over a range of 1600 km. After acquicition of the target has ber
complgted, 2 stations pick up the target. These statlions track the t
get and carry out recognition, determine the target coordinates, and
compute tre nature of the trajectory. The range of these statlons ma)
reach to 1000 im. Each ldentification unit is cormected to U4 batterie
of Nike-Zeus antimissile-missiles, Twe (2) tracking radars are i:cluc
in each antimissile-missile battery, and the range of these unite con
to approximately 320 km. One of these units track the approaching ta:
gef, whereas the other unit trecks the Nike-Zeus antimissile-missile
launched for defense toward the target. The computed data of the two
units lrc‘then fed to electronis computers which issue the required
guldance commands to the rockets. It is clear that little time can be
speat on control operations prior to the launch, and for this reason
the antimissile-missiles must at all times be recdy for aq}ion. T ey
are always stored in vertical position at the batteries and nultléon.
stantly be ready for lrunching.

The number of batteries that are employed for the defense of 8
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gilven object 1s a function of the nature of sald obJect. In the opini
of western experts, the batteries must be constructed s¢ that regard-
less of what Is happening on the outside they can be utllized, even .
the surrounding area has been totally destroyec. This reguirement can
be satisfied only if the batteries are built deep undersground.

The Wizard system exhibits a number of advantages with respect
the Nlke-Zeus system, hecause it can be employed againcst ballistie
rockets executing evasive maneuvers. In recent times 1t has become L.
practice to speak of ye* another system that 1is Intended for utiliza-
tion against antimissile-misslles and this system 1s known as the Plar
system. This system relies heavily on the Nlke-Zeus system, although
1s considerably more maneuverable and better deployable from the oper:
tional standpoint, particularly for tho defense of individual obJjectc
under field conditions. In addition, the Plato system works out the .
itlal data more rapldly than does the Nike-Zeus cystem.

The indivicual units for thc Plato system, the electronic equip-
ment, the antennas, and the launching ramps are mounted on motorized
vehlicles. The guldance 1s achlecved by means of correspondlins commandrs,

It 15 to be assumed that in the future a similar system for znti-
missile-misciles will also be developed for ships,

American speclaliste -re of the opinion that the hit probabilit;
for the Nike-Zeus and Wizard antimissile-missiles amounts to approxi-
mately 25 percent. From the standpoint of eertainty, it 13 calculated
that from 10 to 20 antimissile-missiles are required for the destruc=-
tion of a single ballistic rocket. Work is also being done in the Unit
ed States on a ncw defense azainst intercontinental balllctic rockets.
Attempts are being made to emit bundles of fast neutrons, €.g., &t the
detonation of a nuclear weapon in outer space, It 48 the opinié@wﬁ£ ;,
American specialists that it 18 possitlc ror these bundles of h&ﬁﬁ@hﬂu
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. to produce a chain reaction in the nuclear charges of rockets and thus
to achieve a nremature detonation, before the rocket can endanger the
target.

An altitude of 150 km has been proposed as the minimum altituue at °
which warheads with nuclear charges can be detonated. The 1dea 6f using

a bundle of neutrons thus involves the filling of a part of outer space

with infinitely small "detonators."
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CONTLUSION
The descriptions presenited here wmake cl-a: 'o the reader the prot-
lems involved in the air defense aboard ships. It must be underscored
that only precise organlzation and faultlcss cocperatlon among all per-
sonnel can ensure the successful utllization of alr-defense facillties.
The failure to meet these requirements on the part of only; a single
crew member can result 1In serlous losses, Considerins the fact that

alrcraft today develop velocltles in excess of ¢00 m/sec, the reponcit-

Fig. 39. Air defense of the National Peoples ;; ﬁgf the German Demc-
cratic Republic. The American spy, Powere, was #$hot down with a rockct
of this type. Similar rockets are also being used adboard soviet ships.

111ty of the radar crews becomes evident from this fact alone. Success
in combat is literally a matter of seconds. Delay in commencemert of
r'ire can, under certain circumstances, result inlihe i1o88 of the entlire
ship. It 1s important therefore that techniqucs are thoroughly mastered,
because only in this manner is high action readiness ensured., The crews
must be capable of employing thelr te:irniques under difficult condis
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tions. To accomplish this it 1s necessary that training be organized
and carried out under realistic conditions during peacetime. Excellent
results in combat tralning are, after all, the foundation for success
in any future battle.

The extensive and multipurpose equipment avallable to a ship de-
mands high technical skills on the part of all members of the crew, '
gince the higher these gualifications, the fewer the number of techni-
cal breakdowns and disruptions. Of course, technical know-how alone is_
not encugh in order to be able to use the weapons successfully. The
tactical principles of deployment on the part of the enemy must also be
well known in order to achleve viciory in battle. The storage and malr-
tenance of combat equipment is of great significance. Weapons and in-
struments that have been properly cared for are less subJject to disrupQ
tions and contribute to the maintenance of the continuous combat read .-
ness. The requirements imposed on pursuit pllots and antl-alircraft ar-
tillery men in the air-defense system are high. The pllots must be cuipe
able of operating at great altitudes and to deal) securely with diffi-
cult meteorological conditions. It 1s not an easy task to detect the
targets promptly and to destroy them. Flight over water involves a num-
ber of features for the pursuit pilots with which they must be thor-
roughly familiar. The anti-aircraft artillerymen must be thoroughly
trained in their coordination with the pursult-airoraft forces. Their
primary assignment involves the successful combating of a given target
with the first salvo. Day and night, thev mnst not negleet their guard
watches, In concluslon, it should be pointed out once again that the
requirement of contlnuous maintenance of combat and deployment readi-
ness can only be achlieved when all members of the crews show hizh poli-
tical-moral characteristics, are true to the Fatherland, trhlt in their
equipment, constantliy seek to hchieve outstanding ¢raining results, and
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always exccute assignm.entc rapidly and with dicelpllne

. \

Fig. 40, Modern double gun mount aboard
& ship of the Pegples Navy,

a soviet reskst cruiser.
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